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ABSTRACT 

The 12 digests of Computers in Life Science Education 
from 1990 are presented. The articles found in chronological sequence 
are as follows: "The Computer as a Teaching Tool — How Far Have We 
Come? Where Are We Going?" (Modell) ; "Where's the Software — Part 1"; 
"Keeping Abreast of the Literature" (which appears quarterly) ; 
"Where's the Software — Part 2"; "Computer Assisted Instruction in an 
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"CLSE 1990 Colleague Directory — Part 1"; "CLSE 1990 Colleague 
Directory — Fart 2"; "Designing Computer Based Tutorials to Reinforce 
Reasoning Skills" (Modell); "CLSE 1990 Colleague Directory- Part 3"; 
"Integrated Systems for Testing and Grading" (Lombardi) ; "A 
Comparison, for Teaching Purposes, of Three Data-Acquisition Systems 
for the Macintosh" (swanson) ; "A Computer-Based Approach to 
Reinforcing Common Principles in Biology" (Modell); and "Summary of 
Liquid Crystal Display Projection Pad Vendors." "Keeping Abreast of 
the Literature" is designed to help readers become aware of current 
literature pertinent to computer applications in the life sciences by 
listing citations, "Where's the Software" and "Where are the 
Videodiscs?" include listings of science software sources and 
programs available through them. Each listing contains a description 
and identifies the needec omputer and a contact company, person, or 
phone number. (KR) 
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THE COMPUTER AS A TEACHING 
TOOL - HOW FAR HAVE WE 
COME? WHERE ARE WE GOING? 

Harold L Modell 

National Resource for Computers in Life Science Education, Seattle, Washington 



II seems appropriate when making a tran- 
sition between decades lo reflect on the 
progress that lias been made during the 
decade just ending and project what 
might lie ahead in the new decade. 

The progress made in the decade just 
ending has been considerable. The topics 
covered by articles appearing in Comput- 
ers in Life Science Education rellect this 
progress As we entered the 1980s, use of 
the computer as an instructional tool was 
largely limited to environments that sup- 
ported mainframe computers or mini- 
computers offering timeshare capabil- 
ities. Temrnnals were generally restricted 
to text outputand were reserved forinde- 
pendent study environments. The major- 



ity of applications were tutorial and fol- 
lowed the traditional Computer- Assisted 
Instruction (CAI) question and answer 
format The intiDduction of the micro- 
computer, however, changed the way in 
which educators viewed tlie utility of 
computer technology. 

MOVING TECHNOLOGY TO THE 
CLASSROOM 

The technology was no longer restrict- 
ed to rooms that provided "hard-wired" 
or modem connections between leiminal 
and computer. The microcomputers 
could easily be moved to where the stu- 
dents were. Furthermore, these ma- 
chines could be easily progiamed to in- 
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elude graphic displays and animations. 
In addition to pursuing ilie traditional 
applications of computer-assisted in- 
struction,"*"*^*^^^**^ educators moved 
the technology into the classroom. Ap- 
plications ranged from using simulations 
in small group^^*^^ and lectiue*^ settings to 
foster active learning to using the com- 
puter as a ''slide projector" to incorpo- 
rate animation and provide a "building 
block" approach to developing concepts 
with students.^^*^ The technology also 
provided a communication vehicle in the 
form of an electronic blackboard that 
could be used during teleconferencmg of 
instructors and students who were sepa- 
rated geographically.^ Introduction of 
video projection devices^*^ provided 
large screen displays of the computer 
output so that the class and instructor 
could work togetticr while viewing ihe 
same screen. 

The microcomputer also made an im- 
pact in enhancing the active learning 
experience of the student laboratory .^-^ 
ITie technology provided a relatively 
inexpensive means of acquiring 
daia^-^^^' as well as a tool for analyzing 
data within tlie time frame of the student 
laboratory period.^ Furthermore, by 
using simulations* students could per- 
form "experiments" that were previously 
not possible either because of cost of 
necessary equipment, time available, or 
risk to the student^*'^^"^^'^'^' 

QUESTIONS TO BE ANSWERED 
Implementation of this technology raised 
new questions related to delivery of in- 
struction. Is this technology cost effec- 
tive?^^ Are programs intend^xl for use in 
one educational environment useful in 
other environments?*-^^** What design 
criteria should be considered when using 
graphics in instructional software?® 
What factors should be considered when 
designing simulations?^**^ What consti- 
tutes "good" educational software?^' 
How does one evaluate software?" " 

The question of evaluation is a signifi- 
cant issue that has yet to be resolved. 



NRCLSE addressed this issue*^'^^ and 
established a ixscr critique mechanism 
foi- software review,** EDUCOM and 
NCRIPTAL established a national com- 
petition as a mechanism for evaluate ' 
software and curriculum innovations 
incorporating computer applications,'* 
However, many authors have yet to avail 
themselves of these mechanisms, and, as 
a result, much of the available software 
has not been subjected to a rigorous eval- 
uation process. 

INTERACTIVE VIDEO 
Although optical videodisc technology 
was available at u ? beginning of the 
decade, the cost of mastering videodiscs 
and software support for this mc<'ium had 
not developed to the point where general 
application of this methodology was 
practical. By the mid-1980s, however, 
significant improvements had been made 
in both areas, and interactive video 
emerged as a viable mode of delivering 
instruction where a significant portion of 
the content was visually oriented.*'^**- 
22.*7.6i Interactive video did not require 
images to be stored on a videodisc, how- 
ever. Some educators used existing 
images stored on videotape and were able 
to couple these images with computer 
based interactive programs to produce 
acceptable interactive video instruc- 
tion.^** Perhaps one of the more intrigu- 
ing applications of interactive videodisc 
technology was a series of case smdies 
designed for use in a group setting that 
incorporated a voice-driven microproc- 
essor. In this system, the user interacts 
with the program through a series of 
voice commands.*^ 

SOITWARE DEVELOPMENTS 
The tools available for faculty wanting to 
develop educational software improved 
significantly during the 1980s. Early in 
the decade, authoring software was 
aimed helping educators develop pro- 
grams that adhered to the tradition CAI 
tutorial formats.**'^^ Many of these sys- 
tems did not include arithmetic capabili- 



ties necessary for supporting mathemati- 
cal models. If faculty wished to develop 
such simuJations, it was necessary for 
them to know how to nrogram using a 
general purpose compuver language (eg, 
BASIC, FORmAN, PASCAL). 

The introduction of mouse technology 
and the user interface strategy at the heart 
of the N4acintosh computer fostered de- 
velopment of new authoring tools that 
provided faculty not familiar with pro- 
gramming techniques the opportunity to 
author educai* c nal software. Some pack- 
ages offered digiti/ed sound and sophis- 
ticated graphics capabiliHes that allowed 
movie-like animation.*' Others, not spe- 
cifically aimed at, but certainly appli- 
cable in the educational arena, were de- 
signed to provide a simulation environ- 
ment to non-programmers.^^-^-^ 

Perhaps the single software advance- 
ment that has made the biggest impact in 
educational computing is the implemen- 
tation of the hypertext concept.^-^ ITie 
crux of the hypertext concept is the idea 
that users of a database should be able to 
move through that database in a nonse- 
quential fashion. This has led to com- 
puterized versions of syllabi and other 
textual material with links to associated 
material so that the student need only 
choose highlighted ^vords to retrieve re- 
lated information. The graphics capa- 
bilities of this software and the option of 
accessing information on other media 
(eg, videodisc, CD-ROM) hay extended 
this organization mode to a wide variety 
ofoptions.^^ The software also provides 
authors with a *Triendly** development 
environment in which a variety of inter- 
active modes may be used for tutoriiii 
applications.*^ 

PROJECTIONS FOR THE 1990s 
The hardware and software advances 
made in the 1980s offer considerable 
potential for the 1990s. New user inter- 
face modalities (eg, the mouse and touch 
screen), easier graphics generation (eg, 
"draw" and "paint" programs), the ability 
to incorporate multimedia resources 



©1990 BY NA HONAL RESOURCE FOR COMPUTERS IN LIFE SQENCE EDUCAllON 0742-3233/90/50.00 + 2.00 



ERLC 



3 



COMPUTERS IN LIFE SCIENCE EDUCA'nON. VOLUME 7, NUMBER 1. JANUARY 1990 



3 



tlirough hypcnncdia or other applica- 
tions, and ifie growing resources avail- 
able U) generate or access visual and 
audio data have opened new visias for 
faculty who are ime'''^sted in developing 
instnictional materials. 

Incorporating these resources with 
ta^hnology designed lo foster communi- 
cation between students and the instruc- 
tor^^ can result in an active learning class- 
room environment in which teachers can 
diagnose and address the progress of in- 
dividual students during each classroom 
period. 

Hence, the 1990s may sec the emer- 
gence of classrooms in which instructors 
have ready access a broad scope of vi- 
sual, audio, and textual databases with 
which to encourage active learning expe- 
riences within a group or independent 
study setting. 

Real progress will depend, however, on 
several related factors that are indepen- 
dent of liardware and system software 
developments. These factors include 
commitment by faculty to develop high 
quality, versatile materials, establishing 
faculty rewards for such efforts, and 
identifying funding sources to support 
such efforts. 

Developi ng creative , ef fee ti ve sof tware 
requires a considerable time investment. 
If the past decade is any indication, fac- 
ulty who have developed software have 
done so with a specific application in 
mind, usually directed toward a specific 
course and specific student population. 
They have not attempted to subject their 
software to rigorous peer evaluation, nor 
have they taken advantage of attem; ts to 
improve good communication channels 
to share development ideas a 1 existing 
software. This has led to uni xessary 
duplication of software covering con- 
cepts in some areas and virtually nosr ft- 
ware in other, equally important, content 
areas within the same discipline. To be 
completely successful, a critical mass of 
high quality software covering all as- 
pects of a given discipline must be avail- 
able. This pool must contain software 



that is versatile enough to be used in 
different curricula and at different levels 
of sophistication. To reach this level, fac- 
ulty must submit their software to peer 
evaluation, and they must establish col- 
laborative efforts wiih colleagues so that 
tlie time invested may yield maximum 
benefit. 

Peer critique and establishing collabo- 
rative efforts go hand-in-hand with re- 
structuring faculty evaluation criteria. 
Currently, faculty involved in develop- 
ing computer-based materials do not of- 
ten receive rewards consistent with their 
time investment w the impact of their 
efforts on student learning. Conse- 
quently, faculty are not willing to under- 
take such projects. This situation must be 
remedied if significant progress is to be 
made. Part of the reason for the inequity 
in thi; reward su^'icture ir^y be that most 
of these efforts do not extend beyond a 
single institution. As a result, the body 
determining faculty rewards (eg, the 
Appointments and Promotions Commit- 
tee) are unable to fully evaluate such 
contributions. If. however, results of 
peer critique of these efforts were avail- 
able, and the efforts had a national focus, 
criteria similar to evaluation of scientific 
bench research could be applied. 

Another criterion often used for faculty 
promotion is the level of external funding 
obtained for support of research and 
development efforts. This is a critical 
issue for the 1990s. In the past, funding 
agencies have not supported research and 
development efforts aimed at applying 
computer technology to life science edu- 
cation. A concerted effort must be made 
to help these agencies realize that fund- 
ing research and development of technol- 
ogy-based applications to life science 
education is critical to progress in this 
area. 
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The overall purpose of NRCLSE is to 
cultivate collaborative efforts among 
faculty with expertise in using computers 
in life science education. The broad goal 
of the Resource is foiuf old: 

1) to educate faculty in effective uses 
of computers in the curriculum; 

2) to promote research aimed at eval- 
uating new applications of the 
computer to life science education; 

3) to promote development of a criti- 
Zui mass of high quality, versatile 
software, and 

4) to serve in a consultant capacity for 
lifescience facultycunrently active 
or interested in becoming active in 
this area. 

This year's activities continued our ef- 
forts to serve the life sci'^nce community. 
A statement of NRC ..^E's financial 
status is presented in Table 1 . 

GENERAL OVERVIEW OF 
ACTIVITIES 

During 1989, NRCLSE moved its ojKir- 
ation from the University of Washington 
to larger quarters. The new space ar- 
rangement has helped to improve the op- 
craUon of the Resource by allowing con- 
solidation of oiu" computer, office, and 
newsletter/software warehousing capa- 
bilities into one location. 

Publication of Computers in Life Sci- 
ence Education continued to be 
NRCLSE's primary activity in 1989. 
However, during the past year, we con- 
tinued to provide information to col- 
leagues throughout the world concerning 



Table 1. NRCLSE Financial Report for year ending December, 1989. 



Fund Balance, December Jl, 1988 $13,702 
Revenues 

Cash donations 1,000 

Subscriptions/Reprints 5,540 

Software/Manual sales 2!882 

Total Revenues 9,422 

Expenses 

CLSE production 3,541 

Postage/Shipping 1 ,963 
Operating expenses 

supplies, phone, etc. 725 
Travel 591 

Equipment L124 

Total Expenses 7,944 

Increase in fund balance 1,478 

Fund balance, December 31, 1989 $15,180 



use of computers in life science cunicula^ 
participate in national meetings, conduct 
demonstrations at several institutions, 
and distribute our Simulations in Physi- 
ology software. We have also embarked 
on a software developmentproject utiliz- 
ing the hypertext environment. 

Computers in Life Science Education 
Subscriptions to CLSE continue at the 
same level as in previous years, with 
about 30% of the subscriptions being 
held by libraries. About half of the sub- 
scribing institutions focus on under- 
graduate education, and about one fourtli 



focus on medical education. The geo- 
graphic distribution of subscribers con- 
tinues to be broad. In addition to the U.S. 
and Canada, subscribers for 1989 in- 
cluded institutions in Denmark, the Fed- 
eral Republic of Germany, France, Great 
Britain, Hungary, Israel, Japan, Norway, 
the Philippines, and Sweden. 

Software distribution 
In 1989, eighteen sets of our simulations 
were distributed to institutions in the 
U.S., Belgium, Italy, Scotland, and Swe- 
den. Currently, over seventy-five institu- 
tions representing twelve countries on 
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four continents have purchased one of the 
microcomputer versions of Siinulations 
in Physiology - The Respiratory System, 

Resource Infonnation 
During 1989. NRCLSE again responded 
to 50 requests for information concern- 
ing use of the computer as an educational 
tool. As in previous years, tlic geograph- 
ic origin of the requests continues to 
reflect our goal of providing worldwide 
service. Requests in 1989 were received 
from fourteen countries in addition to the 
United Stales. 

Presentations/Consultation 
Dr. Modcll served as the keynote speaker 
for a computer assisted teaching work- 
shop sponsored by the International 
Foundation for Ethical Research (IFER) 
held in Denver in March, 1989. IFF.R, 
recognizing the need for use of li' ^ prep- 
arations in reseaix:h and teaching, is con- 
cerned with the discovery, development 
and implementation of viable, scientif- 
ically valid alteniatives to the use of live 
animals in research, testing, and teaching 
where such alternatives are feasible. 

NRCLSE was instrumental in organiz- 
ing a tutorial session entitled **Using the 
microcomputer in the classroom" that 
was co-sponsored by the Teaching of 
Physiology Section of the American 
Physiological Society and held on March 
2 1 , 1989 at the 73'^ annual meeting of the 
Federation of American Societies for 
Experimental Biology (FASEB) held in 
New Orleans. 

NRCLSE also visi^^ four medical 
schools in 1 989 to demonstrate the use of 
the computer to foster active learning in 
the classroom and discuss uses of cotn- 
putcrs in the basic science cuniculum. 

Peer critique of software 
Our program for peer critique of soft- 
ware initiated in October, 1988 received 
a boost this year. The description of the 



program (sec CLSE, October 1988) was 
reprinted this year in Collegiate Micro- 
computer (VII(2);18M83, 1989) and 
Science Software (5(3):21 1-213, 1989). 

New software initiative 
NRCLSE began work on a new software 
package ttiis year. The package will use 
the hypertext environment to incojporate 
tutorial screens (see CLSE, October 
1989) with the Simulations in Physiol- 
ogy models. The package will be in- 
tended to serve as resource material for 
classroom interaction and as a course in 
respiratory physiology concepts for in- 
dependent study. 

Special thanks' 

NRCLSE extends a very special *Thank 
you" to the following people, organiza- 
tions, and institutions for their support in 
1989. 

American Physiological Society 
9650 Rockville Pike 
Bethesda, MD 20814 

Michael J. Bello 

International Foundation for Ethical 
Research 

79 West Monroe, Suite 514 
Chicago, IL 60603 

Marcel Blanchaer 
Department of Biochemistry 
Faculty of Medicine 
University of Manitoba 
Winnipeg, Manitoba R3E 0W3 

Theodore J. Crovello 
Graduate Studies and Research 
California State University, Los Angeles 
Los Angeles, CA 90032 

James W. Eckblad 
Department of Biology 
Luther College 
Dccorah, lA 52101 



Diana J. Gabaldon 

Editor, Science Software 

Ce xir for Environmental Studies 

Arizona State University 

Tcmpe, AZ 85287 

Tsegaye Habtemariam 
School of Veterinary Medicine 
Tuskegee University 
Tuskegee, AL 36088 

Donna Larson 

School of Nursing 

Grand Valley Stale University 

Allendale, MI 49401 

Terry M. Miklten 

Graduate School of Biomedical Sciences 
University of Texas Health Science Clr 
San Antonio, TX 78284 

James E. Randall 
Department of Physiology 
Indiana University 
Bloomington, IN 47405 

Patricia Schwirian 
College of Nursing 
Ohio State University 
Columbus, OH 43210 

Richard Stull 

College of Pliarmacy 
University of Arkansas 
LitUe Rock, AR 72205 

Firian J. Winkel 

tditor. Collegiate Microcomputer 
Rose-Hulman Institute of Technology 
Terre Haute, IN 47803 

Dorothy Wooley-McKay 
2215 West Eugie Ave. 
Phoenix, AZ 85029 

Glen Yoshida 

Department of Life Sciences 
Los Angeles Southwest CoPege 
Los Angeles, CA 90047 
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NATIONAL RESOURCE FOR COMPUTERS IN LIFE 
SCIENCE EDUCATION QUESTIONNAIRE 

It is lime once again to update our CLSE colleague directory. Please help ensure that we provide accurate information Take a few 
mmuies to complete the questionnaire below and return ii to the followint address: 'niormaiion. loKe a lew 

Harold Mndell, Ph.D. 

NRCLSr 

P.O. Box i 1187 

Seattle, Wa hington 981 IS 

Name: 



Address: 



Slate 



Zip 



Phone: 



BITNET: 



What content areas do you teach? 



What student population(s) do you serve? (Please check appropriate categories) 

Undergraduate Graduate 

Allied Health Denial 



Nursing 
Veterinary 



Other (please specify) 



Arc you currently using the computer as an educational tool? Yes No 

If yes: 

How many years have you used the computer in ihi.« way? _____ 
What kirid of equipment are you using? 



Medical 



Have you written any software lor use in your teaching efforts? 
What commercially available software have you found useful? 



Yes No 



Would you be willing to help critique softwaie for peers? Yes 



No 
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AIMS AND SCOPE 



TheaoalofCo//ipu/e«w/j/eSci«nce£d«cfl/»onis toprovidcameansof communicauon among 
life science educators who anticipate or are currently employing the computer as an educational 
tool The range of content includes, but is not limited to, articles focusing on computer api)li- 
cations and their taiderlying philosophy, reports on faculty/student expc^riences with coniputers 
in teaching enviromneiits, and software/hardware reviews m both basic science and cUmcal 
education settings. 



INVITATION TO CONTRIBUTORS 



SUBSCRIPTION INFORMATION 



Articles consistent with Ute goals of Computers inLife Science Educationare invited for possible 
publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERIAL 

Articles submitted for publication should be typewritten, double spaced, with wide margins. Tlie 
original and two copies including two sets of figures and uble^ should be sent to the bditor: 
Dr Harold ModeU.NRCLSE. P.O. Box 51187. Seattle. WA 98115-1187. 

Title page should include full liUe, list of authors, academic or professional affiliations, and 
complete address and phone number of the conesponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper (Laser printer output is acceptable). The lettermg should be such 
tliat it can be legible after reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
described in the Council of Biology Editors S*\\e Manual. References should be listed m 
alphabetical order by the first author's last name, numbered consecutively, and cited m the text 
by these munbcrs. 

RESPONSIBILITY AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors 
submitting manuscripts will be sent a copyright transfer form to complete. Tlte completed form 
must be returned before the work will be published. 

Computers inLife Science Education is published monthly by National Resource for ComputeTS 
in Life Science Education. P.O. Box 5 1 1 87. Seattle. WA 98 1 15- 1 1 87. Subscription rate is S40.00 
for 12 issues including postage and handling m the United States. Canada, and Mexico. Add 
$20.00 for postage (airmail) in Europe and Soii'h America and $23.00 for the rest of the world. 

This newsletter has been registered with tb' '•: ■ vriishtCleai-ance Center. Inc. Consent is given 
for copying of articles for personal or hiU m : u- - k ior Uic personal or internal use of specific 
clients This consent is given on the condi'.ivi. • a; u.e copier pay through the "enter the pcr-copy 
fee stated in the code on the firstpagolo. .ojjv.-.i'biymdtliat permitted by tlieUS Copynght Law. 
If no cede appears on an article, the m .hor ha.s -.oi given broad consent io copy and permission 
to copy must be obtained direcUy froiv x-jrluj. This consent does not extend to other kinds 
of copying, such as for general distrib : loj. .csale. advertising and promouonal purposes, or for 
creating new collective works. 

Address orders, changes of addiess. and claims for missirg issues to NRCLSE. P.O. Box 51 187. 
Seattle. WA 98 1 15-1 187. Claims for missing issues can be honored only up to three months for 
douiestic addresses and six months for foreign addresses. Duplicate copies will not be sent to 
rcpl.ice ones undelivered due to failure to notify NRCLSE of change of address. 

Addrcs; editorial correspondence to Harold 1. Modell. PhD. NRCLSE. P.O. Box 51 187. Seattle. 
WA 9)1115-1187. (BrrNETMODELL@UWALOCKE) 

POS fMASTER: Send address changes to Computers in Life Science Education, NRCLSE. P.O. 
Box 51187. Seattle. WA 98115-1187. 
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In the past, we have published lists of life 
science software sources and programs 
available through them. The following 
list is presented as tlie latest in a continu- 
ing efTon to make colleagues aware of 
potential resources. As in the past, no 
attempt has been made by NRCLSE to 
review these materials. 

The listings arc arranged by content 
area. Each item includes a vendor name 
relating the software to the vendors list 
appearing on page 15. 

If you have found specific software 
helpful in your leaching cffwts, please 
share your good fortune by letting us 
know about tlic program(s) and sup- 
plier's) so that we can make this informa- 
tion available through future software 
li.sts. Send pertinent information to Dr. 
Harold ModelU NRCLSE, P.O. Box 
51187, SeatUe,WA 981 15 or send us a 
note on BITncL Our BITnct address is 
MODELI^UWALOCKE. 

.\NATOMY 

ANATOMY OF A tlSh 
Tutorial/game presenting information 
on the external, internal, and skeletal 
structures of a bony fish. Available for 
Apple II compatible equipment 

VENTURA EDUCA nONAL SYSTEMS 

ANATOMY OF THE PERIPHERAL 



NERVOUS SYSTFM 
Tutorial covering upper exut^mity, 
head, nock and thorax, abdomen, and 
lowcrcxtremiiy. Available for Apple 11 
and IBM-PC compatible equipment. 

WIIJJAMS &WILK1NS 
\NA TOMY OF A SfA I A MPREY 
Tutorial/game presenting information 
on the life cycle and anatomy of a sea 
lamprey. Available for Apple II com- 
patible equipment. 

VENTURA EDUCATIONAL SYSTEMS 
BODY LANGUAGE /, //, ///, IV 
A series of drill and practice reviews of 
anatomical terms. Available for Apple 
II and IBM-PC compatible equipment 

EDUCATIONAL SOFTWARE PRODUQS 
GROSS ANATOMY TUTORIAL 
Tutorial for gross anatomy review by 
region and for self-iesl in National 
Board fomiat. Program available for 
Apple II equipment 

lAim SGENCE ASSOCIATl-S 
HEART lAB 
Animated graphics simulation of hu- 
man heart. Program available for Apple 
II, TRS-80 Models I and III, PET, and 
Atari 8O0/8(X)XL equipment 

EDUCA110NAL ACnvrflES. INC. 

HUMAN ANA TOMY PICTURE FILE 
Hi-Rcs diagrams of heart, brain, eye, 
car, respiratory system, kidney, endo- 
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crinc system, neurons, circulatory sys- 
tem schematic, and digestive system* 
Program available for Apple II equip- 
ment, DATA»>:CH SOIWARH SYSTEMS 
LOCOMOTION 

Tutorial reviewing lypas and functions 
of bones and muscles. Program avail- 
able for Apple II and TRS ^80 Model III 
equipment, j&ssofi-wak! 

BIOCHEMISTRY 

ANIMAIED PATHWAYS Or 

BIOCHEMISTRY 
SimuJaiion of molecules colliding and 
rciicting. Available for IBM-PC com- 
patible equipment, wiujamsa vviijclns 

ANIMATIOSS 

Contains animaiions for demonstrating 
DNA structure and synlJiesis, RNA 
structure and syniliesis, and protein 
syniJicsis, I^ogram available for Apple 
II equipment, albion 
lUOCHEMISTRY 

Tutorial covering basic atomic struc- 
ture, balancing equations, and proper- 
ties of proteins and airbohydrates. 
Program available for Apple II and 
TRS-80 Model III equipment, 

J & S SOITWARK 
BIOCHEMISTRY EXAMH VTORIAL 
Covers ba,sic fuel metabolism, Aviiil- 
able for Apple II and IBM-PC: compat- 
ible equipment. wii.i.iA,Ms&wn.Kjr.s 
CONCENTRATED CHEMICAL 
CONCEPTS: BIOLOGICAL CHEMIST 
Drill and practice program covering an 
entire introductory course in organic 
chemistry for health science majors. 

WIl.HY PROFI-SSIONAI. SOKl-WARi-: 
DNA STRU CTURE AM) SYNTHESIS 
Tutorial dealing with nucleotide ,struc- 
ture and linkage between nucleotide, 
base complementarity and hydiogcn 
bonding. Program available for Apple 
II equipment, kduthch. lnc. 
DNA^THE BASICS 

Building the DNA molecule from ,sug- 
ars, phosphates and bases; lypc^ of 
mutations and simulation of iJieir ef- 
fecis. Available for Apple //e (en- 
hanced) and IBM-PC compatible 
equipment, M)i;cational MAi KuiAiii ^ 

KQinPMHNT (X) 
ENZKIN: Enzyme Kinetics 

Simulation of en/ymc-caialy/cd reac- 
tions. Program available for Apple II 
equipment, conduit 



EN/JAB 

Sinmlations for designing and carrying 
out enzyme kinetics exiwrimenls. Pro- 
gram available for Apple II iuid IBM- 

compatible equipment, 
niosoFr a/TC) 

ENZPACK 
An enzyme kinetics teaching and cal- 
culation program. Program available 
for Apple II and IBM-PC compatible 
equipment, hiosor cuk) 

ENZYME ACTION 
Tutorial on the basic nature and func- 
tion of enzymes, PrograiTi available (or 
Ap)ple II e<iuipmont, HiosoiTaic) 

ENZYME-SIMUIATION, ENZYME 
ACTION 

Simulation of en/ymc action and i!ie 
effects of inhibitors using acetylcholin- 
esterase. Program available for Apple 
II, TRS-80 Models I and III, IBM-PC, 
and Commodore 64/128 equipment. 

DIVERSmiiD liDUCATION li.Vn-RPRlSIiS 
GENE MACHINE 
Tutorial/Simulation dealing with DNA 
replication and protein synthesis. Pro- 
gram available for Apple II equipment. 

imM SORAVARH 

MOLECUIAR BIOLOGY SERIES 
Programs demonstraiing central proc- 
esses of RNA and protein syniliesis and 
DNA synthesis and repair. Program 
available for AppL- II and IBM-PC 
compatible equipment, hiosoitcuk) 

MOLGRAE 

Molecular graphics package. Program 
available for Apple II and IBM-PC 
compatible equipment, BiosoprcuK) 
THE NUCLEIC ACIDS 

Tutorial/Simulation dealing with prin- 
cipal nucleotides and ,synihesi,s of 
RNA. Program available for Apple II 
equipment, i:ducational MATi-KiAiJi & 

HQUIPMI-NT CO. 

PROTEIN SYNTHESIS 
Tutorial dealing wiili the general stnic- 
ture of the amino acids and formation of 
peptide bondj. Program avr'lable for 
Apple II equipment, KoirrKaiiNC 

RNA STRUCTURE AND SYNTHESIS 
Tutorial extending the concept of hy- 
drogen bonding between complemen- 
tary bases to show the synthesis of RNA 
on the DNA template and the analogies 
in suiicture between DNA and RNA. 
Program available for Apple II 
equipment, hduthchjnc. 



BIOLOGY 

A DA PTION A ND IDENTII ICA TION 
Tutorial covering animal adaptation to 
diffeix^nl environmcnt,s and animal 
identification, Progmm available for 
Apple II equipment, 

SCOIT. FORESMAN ^ CO. 

ANIMAL REPRODUCTION 
Tutorial reviewing si>erm develop- 
ment, egg and fertili/ed egg. Program 
available for Apple II and TRS-80 
Model III equipment, jas.sofwarh 

ASEXUAL REPRODUCTION 
Tutorial reviewing cell division. Pro- 
gram available for Apple II and TRS-8() 
Model III (Ujuipment. Jv^ssofiavarh 

BIOLOGY l/BIOLOGY 2 
Tutorials covering a wide range of top- 
ics in biology. Available for IBM- PC 
compatible ecjuipmeni, iNTHi.i.ix.n.Ai. 

SOITWARC; 

BIOLOGY COMPUTER S TIMUIA TIOSS 
Tutorial covering various biological 
concepts and experimental areas in- 
cluding enzymes, photosynthesis, res- 
piration, diffusion, meiosis, mu.sclcs, 
nerves, and genetics. Program avail- 
able for Apple II and TRS-80 Models 1 
and III equipment 
LIU- saiiNci: ASsoaAi i:s 

BIOLOGY DISSECTION EROG 
Dissection guide that teaches students 
how to dissect a frog. Available for 
Apple II compatible equipment, cross 

HDi:CATIONAl. ,SOKI'WARH 

BIOLOGY LAB DISSECTIONS 
Seven dissection guides teach students 
about seven different animals: Frog, 
Earlhwonn, Gras,sliopper, Crayfi.sij, 
Starfish, Clam and Perch. Available 
for Apple II compatible equipment. 

Cn^OSS FOUCATIONAI. SOiTWARI- 
BIOLOGY SIMUIA TIONS PACKAGE HI 
Three collections of simulations cover- 
ing aspects of genetics, natural ,sclcc- 
tion, and predaior-prey interaction. 
Available for Apple //c (enhancal) 
a^uipment, ai.bion 
CREATE A TEST/CREATE A TEST 
QUESTION PILES BIOLOGY 
Test creation program and 48(K) cjucs- 
tion bank in biology. Available for 
Commodore 64, Apple II and IBM-PC 
compatible etjuipmcnt. 

CROSS HDUCATIONAI. SOR-WARI-! 
DIEI USION AND ACTIVE TRANSPORT 
Tutorial covering diffusion, osmosis. 
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and active transixm in biological sys" 
icins. ProRiaiii av». *able Tor Apple 11 
cquipinciU. siMPAc mducationai. 

SYSTflMS 

l\M:RGi:TiCS AM> MliTAltOi.iSM, 

(t^XKDUN Of HiOUHiY: VOLVSUi I 
Daia base ilhislraiing rcaclians of me- 
tabolism and intcraciions between the 
several nicialH)lic cornparlnienis of a 
cell. Prognun available for Macintosh 
equipment, kiskos 

EVOLVIION, GARDES OF HIOi.OG) : 

VOLUME 2 
Data ))ase ilUistrating relations among 
organisms of numy kinds, emphasi/.ing 
the liistors and mechanics of their evo- 
lutionary change. VM)grani available 
for Macintosh CAiuipmcnt. kinkos 

i ASaSA iiMi STORY OE CELL 

GROWTH 
lulorial covers surface area/cell vol- 
ume, c.\j)crimeniing wiili cell size, 
chromosomes in cell division and 
suigcs of mitosis. Available for IBM- 
PC compatible equipment. 
rnoRotX'inHRun udl'cationai. sok wari- 

HO\V\S AM) WHY'S OE MIGRATING 

MOLECULES 
Tutorial covering liansixm through a 
membrane* osmosis iuul diffusion. 
Available for IBM-PC compatible 
equipment. inok()i;ouimi:i) 

i:Ot;C*A*nONAI . SOKIAVARJ: 
HUSH\GTON I SIM PROG - BIOLOGY 

Seven simulations for use in iniiXxUic- 
lory level biology courses. Available 
for DEC ciiuipmeni. Hi;vMNcn(»\ 
coMPirniR PKon:cr 
hSOW LEDGE MASTER - HIOU)GY 2 
Icst-iiein database lor test generation. 
Content covers coelcnieralcs, arihro- 
po s. insects, fish, amphibians, and 
reptiles. Part of a .5-program Biology 
scries for Apple II equipment. 

ACADEMIC HALLMARKS 

KNOWLEDGE MASTER - IU0U)GY 3 
TestMlcm dai^ibase for test generation. 
Content covers birds, mammals, pri- 
mates, pn)tists, bacteria and laxonomic 
/.oology. Pajt of a 5-program Biology 
.scries for Apple H equipmci\. 

ACADKMIC nAl.l.MAKKS 
MARINE INVERiEHRATES 
Tutorial covering animals from die 
'*hylums Porifcra, Mullusca. Coclen- 
lata, and Echinodermaiii. Avaialable 
lor Apple II equipment. viiN'iuRA 



I'OU.'ATIONAI. SYSri'MS 

OSMO' OSMOSIS IN RED HLOOD 
CELLS 

Siltmlation ol red bKHxl cells h liyper 
lonir, hy|H)ionic, and i.soionic >'oUi- 
liotis, l^ogram available for Apple II. 
TliS-m McKlel III, IBM-iX:, and Com- 
modorc 64/1 2H equipment. 
i)!V!-Rsini:n lan.'CA'noN kntivRprisi s 
OSMOSIS AND DIEEUSION 

Tuiorial/Sinndation covering effects of 
temperatuio, concentration, solubility, 
molecide si/c and charge, and tnem • 
brane {H)re size on flow of matter across 
semi"permeal)le membranes. Program 
available for Apple 11. l Muids 
1 and III equipment. i:oi:<'a (ionai. 
.MATf-RiALS & i-;Qi:n>.Mi:vr co. 

OSMOTIC PRESSURE 
Sinuilation of thistle tulv e.xtXM imenis 
and animation of a molecular nuxlel for 
osmosis. Program available for Apple 
U equipment. roNi)i;rr 

PASSIVE TRANSPORT 
Tutorial-simulation covering diffusion 
and osmosi.». Program for MS-DOS 
compatible r*q iipmcnt. classroom 

CON.SORTIA Ml-.niA.LSC 
PLANT AND ANIMAL CELI S 

Tutorial covering tlic general structure 
of plant cells, photosynthesis, the gen- 
ral stucture of animal cells, and mitosis. 
Available foi Apple II compatible 
equipment. vi;stlka i-di (•A^lONAL 
sYs^^•;Ms 

SIMULATION OE HEMOGLOBIN 

I UNCTION 
Simulations of hemoglobin and myog- 
lobin funclioiLs. Program for Afiple II 
equipment. ql'L\:l;jno 

////: INSECT W ORLD 
Simulalion/lulorial covering insect 
types, Ivxiy parts, and survival. Avail- 
able for Apple II compatible 
equipment. si;vii:rai;i)i cAriONAi 

SYSriiMS 

HOI ANY 

ALGAL GROW TH 
Simulation of the effc^ ts ol' eight vari- 
ables on gvowiii of algae. Progfiim 
available for Apple U and IBM-IK' 
compatible equipment. 

OAKLLAI' SYSn.MS 
HIOLOGY ERUITKEY 
Identifies 125 tree s and slirubs. Pro- 
gram available fot Atari 4{X)/8{K)equip- 



nieni. nvNAtr«snMN(* 
COMPETEiPlant compefifian 
Simulation of exiu^rinuMits involving 
interaction Initween flowering })laras. 
Pu)gram available for Apple M equip* 

nenl. CONIMMT 
L\RLY ANGIOSPEf MS: A lOSSIL 
VIEW' 

Tutorial utilizing the fossil record to 
explai?i the development of flowering 
plants. Available for Apple 11 compat- 
ible cciuipment. slmpac >:oii AnoNAi 

SVSII'MS 

EXPLORING THAT /MAZING EOOD 

EACTORY/WE LEAP 
Tutorial co^'ers transfMUt in lt»e leaf, 
structure of the le4\f and stomate action 
ingaser.changc, Availal^le for IBM-PC 
compatible equipment, inoROi cinaui-n 

i-IMX^ATIONAL S0K1WARI-: 

/ V\ MILY I DEN 1 1 PICA TION 
Data retrieval piogram to review the 
characteristics of 74 North American 
flowering p'ani families. Program 
available for Apple II equipment. 

HOW PIANVS GROW: HIE INSIDE 
STORY 

1 uioriai covers growth of die plant, 
stem cross section, lermuuil hud and 
plant honnoncs. Available for IBM^PC 
compatible e^iuipmeni. 
niORoroui^Ri-o i:oV('ai u)n:al scm-iavakk 
LEAP: STRUCTURE AND ElfNdlON 
Tutor i'd -simulation covering the anat- 
omy and physiology of the leaf with 
respan to its role as ilic *\'hemical f.ic- 
tory^of ih; plant. J\ogram for IBM-PC 

(PC- ^OS I. rLASSK»K)M CONSC^RllA 

Ml:i)IA. INC 
PHOTOSYNTHESIS AND LIGHT 
ENERGY 

Simulation focuses on charactensii.-s 
of light and its role as an cncre.Y sc)urec. 
Program for IBM-PC (PC-DOS). 

eLASSU(X)M CON.SORTIA MI OIA. INC 

PHOTOSYNTHESIS AND 

RESPIRATION 
Demoiisiraliofi and sinujlaiion.s locus 
ing with light and dark react ions ol |Mu)* 
tosynihcsis, respiration, and ATP 
cycle. Program available for Apple II 
equipment. s(xvn . Hmi:sMAN »^ co 

PHOTOSYNTHESIS ^ TRANSPORT 
Tuiorial deeding with photosynthesis 
and iransjx)rt in [plants. Program avail- 
able for A[)plc II and n^S-8() Model III 
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equipment, j .ft s soitware 

PHOTOSYNTHESIS: UNLOCKING THE 

POWER OF THE SUN 
Tutorial includes light as energy, light 
characteristics, wave length of light 
used by chromoplasls, variables and 
controls. Available fo: IBM- PC com- 
patible equipment. tikjROughdrki^ 

liDUCATIONAl. SOITWAW-; 

PI ANT A NA TOMY PICTURE FllJi 
Hi -Res diagrams of ixx)ls, stem cross- 
section, leaf cross-section, photosyn- 
thesis, flowers, seeds, and germination. 
Program available for Apple II equip- 
ment. OATATKCH SOIH'WARI- SYSTEMS 

PIANT CELL CYCLE 
HyperCard sUick illustrating plant cell 
division^ Available for Macinto.sli 
equipment, kinkos 

PIANT GROWTH 
Tutorial-simulation covering physiol- 
ogy of growth beginning with the seed. 
Covers hormone control, feedback 
mechanisms, Cran.sport, and differentia- 
uon. Program for IBM-PC (PC-DOS). 

CLASSROOM CONSORTIA MliDIA, INC. 

PIANT PAINT 
A set of 36 graphics images illusuating 
concepts in planlbiology. Available for 
Maci ".tosh equipment, kint^os 

PIANT'PIANT GRO WTH SIMUIA TION 
Simulation of the effects of light inten- 
sity and duration on growth and devel- 
opment of green plants. Program avail- 
able for Apple II, TRS-80 Models I and 
III, IBM-PC, and Commodore 64/12K 
equipment, uivkrsimhd !:ducation 

liVrHRPRISHS 
REPRODUCTION IN PI A NTS 

Tutorial reviewing asexual and sexual 
reproduction in plants. Program avail- 
able for Apple II and TRS-80 Model III 
cx^uipmeni. j&ssoitwark 
SEXUAL REPRODUCTION IN PIANTS 
Tutorial covering plant reproduction 
including meiosis, gamete formation, 
reproduction cycles, and alternation of 
generations. Available for Apple II 
compatible equipment. 

SIMPAC HUiJCAnONAI. SYSTliMS 

SOIAR FOOD 
Tutorial/Simulation dealing with pho- 
tosynthesis. Program available for 
Apple II equipmenL imMSon-wARF- 

THE PIANT - NATURE'S FOOD 

FACTORY 
Tutorial/simulation covering flowers. 



leaves, stems, rooLs, and cells. Avail- 
able for Apple II compatible 
equipment, vi-NTimA kdi c.ntional 

SYSTEMS 

CLINICAL MEDICINE 

ABG PRACTICE/THE ABC TEACHER 
Drill and practice and tutorial programs 
dealing with acid/base evaluation. 
Available for Apple II and IBM- PC 
compatible equipment, mhusoit 

ALCOHOL ABUSE AND ALCOHOLISM 
Set of eight patient-management prob- 
lems simulating the treatment of pa- 
tients with alcohol related problems. 
Available for Apple II and IBM- PC 
compatible equipment, 

UMKC SOKl'WARH SERII-S 

ARRHYTHMIAS: C^XSE STUDIES IN 

M^\NAGEMENT 
S imulatcd patients with various cardiac 
arrhythmias. Available for Apple Hand 
IBM- PC compatible equipment, 

WU JJAMS & WU.KINS 

ARRHYTHMIAS TUTORIAL II 

TUTORIAL H 
Tutorial dealing with all major cardiac 
arrhythmias. Available for Apple Hand 
IBM- PC compatible equipment. 

WU.IJAMS& WU.KINS 

ARTERIAL BLOOD GASES 
Tutorial dealing with the interpretation 
of arterial blood gases. Available for 
Apple II and IBM- PC compatible 
equipment, whjjamsa wilkins 

BIANCHAER CLINICAL CASE 

STUDIES 

Eight simulations of clinical syn- 
dromes. Program available for Apple II 
equipment, biosoitcuk) 

BLOOD COUNTS & DIFFERENTIAL 

EVALUATION - TEACHING MODULE 
Test proficiency in the interpretation of 
blood counts. Available for IBM- PC 
compatible equipment, lkaa fkhigkr 

BUILDING A MEDICAL VOCAB - 

COURSE 

Tutoria/drill covering basic word parts 
from which medical terms are built. 
Available for Apple II and IBM-PC 
compatible equipment. 

W.B. ,SAUNDERS CO. 
BUILDING MEDICAL VOCAB - 
REV COURSE 

Tutorial/drill reviewing medical terms. 

Available for Apple II and IBM-PC 

compatible equipment. 



W.B. SAUNDIOIS CO. 
CARDIOLOGY 
Study/review package dealing with 
various as|)ccts of cardiovascular dis- 
ease. Available for Apple II and IBM- 
PC compatible equipment, 

IIMKC SOt'WARH SERIES 
CHEST PAIN: AN EXERCISE IN 
CLINICAL PROBLEM SOLVING 
Patient management problems dealing 
with chest pain. Available for Apple II 
and IBM-PC compatible equipment. 

WILLIAMS &wn,KINS 

CLINICAL SCIENCES 
Jclf-assessment package covering in- 
ternal medicine, ob/gyn, pediatrics, 
preventive medicine and public health, 
psychiatry, and surgery. Available for 
Apple II and IBM-PC compatible 
equipment, umkc soitwarc si:rihs 

DOSE CALC 
Tutorial covering basic math skills and 
drug dosage calculations. Available for 
Apple II compatible equipment 

W.B. SALTS'DI-RS CO 
DRUG INTERACTIONS 
Computer tool providing access lo 
clinically significant interactions be- 
tween 60() generic and 1,4(K) brand- 
name drugs. Available for IBM-PC 
compatible equipment 

W.B. SALNDHRS iX>. 

ECG TUTOR 
Tutorial presenting basic cardiac dec- 
uophysiology. Available for IBM-PC 
compatible equipment. ni-w jhrshy 
MunicAi. scnuxn. 

GAS MAN 
S imulation of uptake and distribution of 
inhalation anesthetics in a 70 kg sub- 
ject. Available for Apple H compatible 
equipment, mi-uman simuiahons 

GASMAN 

Simulation dealing wiili Uie principles 
of inhalation gas upmke. Available for 
Apple II compatible equipmenL 

Ani)ISON WtiSlJ*:Y PUBLISHING (X) 

Managing patients with 
neurological problems 
Simulation of 6 cases providing prac- 
tice and experience in diagnostic rea- 
soning skills by demonstrating the 
needs of patients and the effccLs of 
nursing intervention. Available for 
Apple II and IBM-PC compatible 
ajuipment. w.b saijndhrsco 
MED'CAPS DIAGNOSTIC PROBLEM 
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SOLVING CASESIMANAGER 
Case simulations covering a wide range 
of clinical problems. The manager 
consists of a set of programs for moni- 
toring student use a»id performance on 
the diagnostic problems. Available for 
Apple II and IBM-PC compatible 
equipment, health sciknchs 

CONSORTIUM 
STEDMAN'S MEDICAL DICTIONARY 

Tool conuiining a main dictionary and 
two supplemenu;l dictionaries. Apple 
II compatible equipment, shnsiblksoit 

WARH. INC. 
THE SURGEON 
Simulation of surgical correction of an 
aortic aneurysm. Available for Macin- 
tosh equipment, intormation systi-ms 
J-OR Mi-Du:iNi:. iNC 

CYTOLOGY 

CELL CHEMISTRY I 
Tutorial covering various chemical 
structures. Piogram available for Apple 
II and IBM-PC compatible equipment. 

SI.IWA HDUCATIONAL SYSTEMS 
CELL CHEMISTRY // 
Tutorial covering the chemical and 
physical processes that occur wiihin 
cells. Program available for Apple 11 
and IBM-PC compatible equipment, 

.SMWA KOUrAno.NAl. SYSTliMS 

CELLGROW 
Simulation of cell kinetics. Program 
available for Apple II equipment. 

LNIVKRsn Y or THX AS SYSll-M CANCliR Cl-R 
CELL GROWTH AND MITOSIS 
Interactive simulation covering surface 
area-volume ratio, chromosome num- 
ber, chromosome replication, and cyto- 
plasmic division. Program for IBM-PC 

(PC-DOS). ClASSROOMfmSORllA 
MHUIA. INC. 

CELLS: STRUCTURE AND FUNCTION 
Simulation reinforces basic concepts of 
cell structure, cell functions, water 
movement and concenu-alion gradients, 
and diffusion and active transport. Pro- 
gram available for Apple II equipment, 
.scorr. FOHi':sMAN & co. 

KCOLOCJY 

AIR POLLUTION 
Simulation of carbon monoxide {X)l- 
lulion in an urban environment. Pro- 
gr;mi available for Apple II and TRS-8() 
Model I and III equipment. 



KDUCAIIONAI. MATI-RlAl^ & UQUlFMliXrCO. 

AQUATIC ECOLOGY 
Utilities to perform many of the calcu- 
lations common to aquatic ecology. 
Program available for Apple II and 
IBM-PC equipment, oakuiaf systems 

AQUATIC ECOLOGY DATA 

SIMUIATION 
25 simulations covering aquatic sys- 
tems. Program available for Apple II 
and IBM-PC equipment. 

OAKJJiAI- SYSTEMS 
ECOLOGICAL DATA SIMUIATION 
25 simulations covering ecological 
systems. Program available for Apple 
II and IBM-PC equipment, oaku-ah 

SYSTEMS 
ECOLOGY 
Rote drill reviews and reinforces con- 
cepts of general terresu-ial. and aquatic 
ecology. Available for Apple II and 
IBM-PC compatible equipment. 

SUWA ENTERPRISES. INC. 
ECOLOGY 
Simulation dealing with plant popula- 
tion sizes and growth pattern. Avail- 
able for Apple II equipment. S(x>n\ 

FORES.MAN A CO. 
ECOLOGICAL ANALYSIS - PC 
Utilities that perfonn life table analysis, 
inters{Xicific association indices, com- 
munity similarity, diversity indices, 
descriptive statistics, mark-release re- 
capture analysis, plus regression and 
correlation analysis. Program available 
for IBM-PC compatible equipment. 

OAKI.EAE SYS TEMS 
ECOLOGICAL ANALYSIS VOL. 2 - / V 

Utilities that perform community sim- 
ilarity analysis, indices of dispersion, 
species-arca curve, and step-wise mult- 
iple regression. Program available for 
IBM-PC compatible equipment. 

OAKLEAE SYSn-MS 
ECOLOGICAL ANALYSIS PROGRAMS 

PLUS 

Utilities that perform life table analysis, 
community similarity indices, diversity 
indices, predator-prey modeling, mark- 
recapture analysis, descriptive statis- 
tics, plus regression and coiTclalion 
analysis. Program available for Apple 
II equipment, oaki.j-ae systems 
ECOLOGICAL MODELING 
Series of 7 programs duiling with a 
variety of techniques for modeling eco- 
logical systems arid processes. Pro- 



gram available for Apple II and IBM- 
PC compatible equipment. (x^Nourr 
NICHE-ECOLOGICAL GAMEI 

SIMULATION 
Game in which students attempt to 
place an organism in its proper ecologi- 
cal niche correctly by specifying envi- 
ronment, range, and competitor. Pro- 
gram available for Apple II, TRS-80 
Models I and III. IBM-PC, and Com^ 
modore 64/128 cxjuipment. 

OlVliRSlHIiD EDUCATION liNTERPHISE.S 

POLLUTE 
Simulation of factors affecting water 
quality. Includes temperature, amount 
and type of pollutant, and water trciit- 
ment. Program available for Apple II, 
PET/CBM, and TRS-80 Mcxlel III 
equipment, compuware 

POLLUTE.IMPACT/WATER 

POLLUTANTS 
Simulation of the impact of various 
polluuints on typical bodies of water. 
Program available for Apple II, TRS-80 
Models I and III, IBM-PC, and Com- 
modore 64/128 equipment. 

DIVERSIMEO EOUCAHON ENTIiHPHlSES 
WATER POLLUTION 
Simulation of the effects of tempera- 
ture, type of waste, dumping rate, and 
metliod of treatment on the impact of 
pollution on aquatic life. Program 
available for Apple II. TRS-80 Models 
I and III equipment. eoi;cationai. 

MyXTI-RlAl^ & !:QUIPMI:NT CO 

KVOLIJTION 

EVOLUT: Evolution and Natural Selection 
Simulation of fluctuations in gene fre- 
quencies of wild populations. Program 
available for Apple II equipment. 

CONDtn* 

EVOLUTION 
Simulations covering mutation, gene 
flow, natural selection, and genetic drift 
on populations. Program available for 
Apple II and IBM-PC compatible 
equipment, oaki.eaesy.stems 

EVOLVE 

Singulation of evolution using the 
Hardy-Weinberg formula and the 
{xipulalion model that has evolved from 
iLs application. Available for Apple H 
equipment, conduh* 
SIMUIA TED EVOLUTION 
Simulation using animation to provide 
a graphic illustration of the origin of 
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biological species by natural selection. 
Available for IBM-PC compatible 
equipment, um sciknck AssociAn-s 

FORESTRY 

FOREST FIRE DISPA TCHER 
Simulation dealing with a ranger dis- 
trict during the forest fire season. 
Available for TRS-80 III equipment. 

DUA.VE BRISTOW 
FORES T SA MPLE DA TA BA SE 
Two program set lliat allows develop- 
ment of a daiabase from either variable 
radius plots orfixcdradius plots. Avail- 
able for TRS-80 I and TRS-80 III 
equipment, duani-bristow 

(lENETICS 

ADVANCED GENETICS 
Tutorial/Simulation presented as a 
nine-part program covering dominance 
and rccessivcness, partial dominance, 
lethality, mechanism of inheritance, 
multiple alleles, sex linkage, multi-trait 
inheritance, crossing over, and gene 
mapping. Program available for Apple 
II equipment, i-ducaiionai. maii-rials 

* KQl.lPMI-.VrCO. 
HIRDBREED 

Simulation providing 16 breeding 
groups of birds with defined pheno- 
types for exploring genetic principles. 
Available for Apple II compatible 
cxjuipmeni. iDinnciMNc 
CATGEN 

Simulation allowing students to mate 
domestic cats of known genotypes. 
Program available for Apple II and 
IBM-PC compatible equipment. 

CONDUIT 
CA TIAB (Second Edition ) 
Simulation in introductory genetics. 
Program available for Apple II and 
IBM-PC compatible equipment. 

COSUVA'X 

CELLS AND GENETICS PICTURE FILE 
Hi-Res diagrams of animal cell, plant 
cell, mitosis, meiosis, Punnett Square, 
sex linkctl trails, DNA replication, pro- 
tozoa, energy reactions, and paligrcc. 
Program available for Apple II equip- 
ment. DATA n-CII SOKPWARK SYSTf MS 

DICROSS-DIIiYBRID CROSSES 
Simulation of various types of dihybrid 
crosses. Progiam available for Apple 
11. TRS-80 Models I and III, IBM-PC, 
and Commodore 64/128 equipment. 

DIVKRSIMI'D !:01.i(:ATI0N Kyn-RPRISIiS 



DNAGEN^DNAIGENETIC CODE 

SIMVIATION 
simulation of genetic code to produce 
protein sequences, ftognun available 
for Apple II, TRS-80 Models I and III, 
IBM-PC, and Commodore 64/128 
equipment, diversified educaiion 

KNTERPRISE? 
DNA^THE BASICS 

Building the DNA molecule from sug- 
ars, phosphates and bases; types of 
mutations and simulation of their ef- 
fects. Available for Apple //e (en- 
hanced) and IBM-PC compatible 
equipment, educational materiai^ 

EQUIPMENT CO 
DNA - THE MASTER MOLECULE 
Simulation dealing with DNA struc- 
ture. Programs available for Apple II 
equipment, educational MATERiAi-^i & 

EQUIPMENT (X). 

FLYGEN 

Simulation of monohybrid or dihybrid 
crosses with 25 varieties of Drosophila. 
Program available fjr Apple II, TRS-80 
Models I and III, IBM-PC, and Com- 
modore 64/128 equipmenu 

DIVIiRSlHED EDUCATION HNlliRPRISKS 
GENESIM 

Simulations of expemiinents in bac- 
terial and molecular genetics. Program 
available for Apple II and IBM-PC 
compatible equipment. 

HIOSOn-(UTC) 
GENETIC ENGINEERING 
Contains two gene base sequences plus 
an option to enter a custom gene, com- 
paring changes to the normal gene. 
AvailableforAppIe//e (enhanced) and 
IBM-PC compatible cquipmenu 

EDUCATIONAL MATERIAl^ & EQUIPMENT CO 
GENETIC ENGINEER'S TOOLBOX 

Tutorial inti-oducing the principles and 

techniques of genetic engineering. 

Available for Apple II compatible 

equipment. iiRMsoFrwARi: 
GENETICS 

Tutorial/simulation in which ilie imagi- 
nary planet Gensim is a "microworld" 
in which genetic variation in a native 
species is determined by patterns of in-^ 
heriiance similar to those of humans. 
Available for Apple II compatible 
equipment, agency eor iNSTku'tnioNAi. 
'rf:(:nNoL<x;Y 
GENETICS 
Tutorial covering various cro.sses in 
plants and fruit lly populations. Pro- 
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gram available for Apple 11 and TRS-80 
Model III and IV equipment. 
J <ft s sorrwARK 
GENETICS 

Tutorial that allows students to explore 
Mendel's experiments, Punnett 
Squares, sex linkage in fruit Hies, and 
multiple alleles. Program available for 
Apple II equipment. 

SCOTT, FORKSMAN & CO. 

GENETICS 
Tutorial examines DNA mole^'^ule and 
progresses to applied genetics Pro- 
gram available for Apple II and IBM- 
PC compatible equipment. SI.IWA 

KVn-RPRISHS. LNC. 
GENTIC DRIFT 

Tutorial-simulation focusing on ran- 
dom changes with time in the distribu- 
tion of individuals in small populations. 
Program for Apple II equipment. 

QLl-UF, INC. 
HEREDITY DOG 
Tutorial covering various genetic top- 
ics. Program available for Apple II and 
Commodore 64/128 equipment. 

URM SOPTWARK 

HUMAN GENETIC DISORDERS 
Simulation investigating inherilai dis- 
orders. Program available for Apple II 
equipment. iiRMsoKrwARi-: 

INTRODUCTORY GENETICS 
Three pait tutorial covering a variety of 
U)pics. Program available for Apple II, 
TRS-80 Models I and III equipment. 

KDUCAHONAL MATKRIAI.S & I-QLIPMIAT CO 
LIFE 

Educational game dealing with chang- 
ing distributions of individuals. Pro- 
gram for Apple II equipmenL 

QUKUI-:. INC. 

LINKOVER: Genetic Mapping 
Simulation of genetic mapping experi- 
ments. Program available for Apple II 
equipment. cONDurr 

MEIOSIS 

Tutorial/Simulation providing an inter- 
active portrayal of gamete fonnaiion. 
Program available for Apple II and 
IBM-PC equipment, himx^a iional 

MATI-RIAI.S A I{QL1PMI:NT CO 

MEIOSIS, MITOSIS, PROTEIN 

SYNTHESIS 
Simulation demonstrating mitosis, 
meiosis, DNA replication, and protein 
synthesis. Program available lor Apple 
11 equipment. 

SCOIT 10RI:SMAN & CO. 
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VKNDORS 

Academic Hallmarks 
P.O. Box 998 
Durango, CO 81301 
(303) 247-8738 

AddLson-Wesley Publishing Co 

390 Bridge Parkway 
Redwood City, C A 94061 
(415)594-4400 

Agency for Instructional Technology 
nil West Street 
Bloominglon, IN 47402-0120 
(812)339-2203 
(800) 457-4509 

Albion 

Division of Queue Inc 
562 Boston Avenue 
Bridgeport, CT 06610 
(203) 335-0908 

HIOSOFI (UK) 
22 Hills Road 

Cambridge CB2 UP, United Kingdom 

P.O. Box 580 
Milliown, NJ 08850 

Classroom Consortia Media, Inc. 

57 Bay Sircel 
Slaien Island, NY 10301 
(800^ 237-1113 
(800)522 /'MO 

Compuware 
1 5 Center Road 
Randolph, NJ 07869 
(201)366-8540 

CONDUIT 

The University of Iowa 
Oakdale Canipus 
low.i City, lA 52242 
(319)335-41(K) 

Cross Educational Software 
1802 N.Trenton St. 
P.O. Box 1536 
Ruston, LA 71270 
(318)255-8921 

Datatech Software Svstcms 

19312 East Eldorado Drive 
Aurora, CO 90013 

Diversified Education Enterprises 
725 Main Street 
Lafayette. IN 47901 
(317) 742-2690 



Duane BrLstow 
Rl 3, Box 722 
Albany, KY 42602 
(606) 387-5884 

Educational Materials aixit 

Equipment Co. 
P.O. Box 2805 
Danbury.CT 06813-2805 
(203) 798-2050 

Educational Software Products 

12 Bella Vista Place 
Iowa City, lA 52240 
(319)354-3095 

EduTech,lnc. 

303 Lamatine Street 
Jamaica Plain, MA 02130 
(617)524-1774 

Health Sciences Consortium 
201 Silver Cedar Court 
Chapel Hill, NC 27514 
(919)942-8731 

HR.M Software 

1 75 Tompkins Avenue 
Pleasanlville, NY 10570 
(914)769-7496 
(800)431-2050 

Huntington Computer Project 

State University of New York 
Stony brook, NY 11794 

Information Systems for 

Medicine, Inc 
P.O. Box 247 
Ph .X, MD21131 
(30jy 666^2672 

Intellectual Software 

Division of Queue, Inc 
562 Boston Avenue 
Bridgeport, CT 06610 
(800) 232-2224 

J & S Software 

14 Vanderventer Avenue 
Port Washington, NY 1 1050 
(516) 944-9304 

Kinko*s Service Corporation 

4141 State Street 

Santa Barabara. CA 9.^1 10 

(800) 235-6919 

in CA (800) 292-6640 

outside USA (800) 967 0 192 

Lea & Eebi^er 

600 S. Washington Square 



Philadelphia, PA 19106 
(215) 922- 1330 

Life Science lociates 

1 Fcruiimore Road 
Bayport, NY 11705 
(516) 472-2111 

Medman Simulations 
P.O. Box 160 
Chestnut Hill, MA 02167 
(617)732-7330 

MedSoft 

1 i05 Arondale Drive 

Fircresl,'''A98466 

(206)565-5068 

New Jersey Medical School 
Joseph Boyle, MD 
Department of Physiology 
100 Bergen Street 
Newark, NJ 07103 
(201)456-4464 

Oakleaf Sy.stems 
P.O. Box 472 
Dea^rah, I A 52101 
(319)382-4320 

Queue, Inc 

562 Boston Avenue 
Bridgeport, Cr 06610 
(800)232-2224 

Scott, Foresman and Company 

1900 East Lake Ave. 
Glenvicw, IL 60025 

(312) 729-3000 

Sensible Software, Inc. 

335 East Big Beaver 
Suite 207 
Troy, MI 48083 

(313) 528-1950 

SUnpac Kducational Systems 
1105 North Main St. 
Suite lie 

Gainesville, FL 32601 
(904) 376-2049 

Sliwa Knterprises, Inc. 

2360-J George Washington Hwy 
York town, VA 23666 
(804)898-8386 

Thoroughbred Kducational .Software 
Division of Queue Inc 
562 Boston Avenue 
Rndgeport,CT06610 
(800) 232-2224 
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UMKC Software Series 

2411 Holmes Succt 

Kansas Ciiy, MO 64108 2792 

(816) 276.1891 

University of Texas System Cancer 

Center 

MDAH 

Box 6 

6723 Bermcr 
Houston, TX 77030 



(713)792-2581 

Ventura Educational Systems 
3440 Brokeiihill Sirect 
Newbury Paric, C A 91320 
(805)499-1407 

W. B. Saunders Company 

West Washington Square 
Philadelphia, PA 19105 
(215)750-1330 



(215)574-3066 

Wiley Professional Software 

605 Tliird Avenue 
New York. NY 10158 
(212)850-6009 

Williams & Wllkins 

428 East Preston Street 
Baltimore, MD 21202 
(800) 638-0672 



AIMS AND SCOPK The goal of Compters in Life Science Education is lo provide a means of communication among 

life science educators who anticipate or arc currently employing the computer as an educational 
tool. Tlie range of content includes, but is not limited lo, articles focusing on computer appli 
cations and their underlying philosophy, reports on faculty/student experiences with computers 
in teaching Lnvironmenls, and softwarc/Jiardware reviews in botli basic science and clinical 
education seiungs. 



SUBSCRIPTION INFORMATION Computers inLife Science Education is published monthly by National Resource for Computers 

inLifeScienceEducaiion.P.O.Box51187,Scatile,WA 98115-1187. SubscriplionraieisS40.00 
for 12 issues, including postage and handling in tlie United States, Canada, and Mexia>. Add 
$20.00 for posuge (airmail) in Europe and South America and $23.(X) for ilic rest of ilie world. 

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given 
for copying of aiiicles for personal or internal use. or for the personal or internal use of .specific 
clients. ThLs consent is given on the condition that tlie copier pay through the Center the per-copy 
fee slated in the code on the first page for copying beyond that pemiilled by the US Copyright Law. 
If no code appears on an article, the author has not given broad consent \a copy and jxrrmission 
to copy must be obtained directly from the author. Tliis consent does not extend to other kinds 
of copying, such as for general disliibuiion, resale, ativertising and promoiional purposes, or for 
creating new collective works. 

Address orders, changes of address, and claims for missing issues lo NRCLSE, P.O. Box f> 1 1 87, 
Seattle, W A 98 1 1 5- 1 1 87. Claims for missing issues can be honored only up lo three montlis for 
domestic addresses and six monihs for foreign addresses. Duplicate copies will not Sc sent lo 
replace ones undelivered due to failure to notify NRCLSE of change of address. 

Address editorial correspondence lo Harold I. Modell, PhD, NRCLSE, P.O. Box M 187, Seaulo, 
WA 98115-1187. (BITNETMODELL@UWAL(X'KE) 

POSTMASTER: Send address changes loComputcrs in Life Science Educalion.HRCLSE, P.O. 
Box 51 187, Scaiile, WA 981 15-1 187. 
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KEEPING ABREAST OF THE 
LITERATURE 



The following citations are presented as 
pan of a quarterly feature in CLSE de- 
signed to help readers become aware of 
current literature pertinent to computer 
applications in life science education. 



Anderson-InmanL: Electronic studying: 
information organizers to help stu- 
dents Study 'better* not *harder* - pait 
II. Computing Teacher 16(9):21-23, 
25-29,53,1989. 

CoaxumCBetal: Planning for the acqui* 
sition of information resources at the 
small college level. Educational 
Technology 29(7):30-32. 1989. 

Florini BM: Teaching styles and tech- 
nology. New Directions for Continu- 
ing Education 43:41-53, 1989. 

Franklin C: Hypertext defined and ap- 
plied. Online 13(3):3749, 1989, 

Friedlander L: Moving images into the 
classr(X)m: multimedia in higher edu- 
cation. Laserdisk Professional 



2(4):33-38, 1989. 
Gredler MB: A further analysis of com- 
puter-based simulations. Simulation/ 
Games for Learning 19(2):76-81, 
1989. 

Maddux CD: Tlie harmful effects of 
excessive optimism in educational 
computing. Educational Technology 
29(7):23-29, 1989. 

Margolis N: Making the manual work: 
techniques for validating computer 
documentation. Performance and 
Instruction 28(6): 1-9, 1989. 

McCarthy R: Multimedia: What the 
excitement* s all about. Electronic 
Learning 8(8):26-31, 1989. 

McCaskey MJetal: Assessing the effect 
of computer assisted instruction. 
Journal of Studies in Technical Ca- 
reers 11(2): 11 9- 130, 1989. 

Pritchard WH, Jr. et al: A review of 
computer-based training materials; 
current state of the art (instruction and 
interaction). Educational Technology 
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29(7): 16-22, 1989. 
Ralph CL: A computer applications 
course for biology students. Colle- 
giate Microcomputer 7(2): 123- 126, 
1989. 

Sales GC: Applications of videodiscs in 

education. Computing Teacher 

16(8):27-29, 1989. 
Sales GC: Repurposing: authoring tools 

for videodisc. Computing Teacher 

16(9):12-14, 1989. 
Shucll TJ et al: Toward evaluating soft- 



ware according to principles of learn- 
ing and teaching. Journal of Educa- 
tional Computing Research 5(2): 135- 
149, 1989. 

Smallen DL: Infusing computing into 
llie curriculum: challenges for the 
next decade. Academic Computing 
3(8):8-12, 32-35,1989. 

Stuessy CL: Advantages of micro-based 
labs: electronic data acquisition, com- 
puterized graphing, or both? Journal 
of Computers in Mathematics and 



Science Teaching 8(3):18-21, 1989. 
Tucker SA: Welcome to the HyperCard 
comer: TechTrends 34(2):30-34, 
1989. 

Verbcck HA: Interactive clinical tc-ach- 
ing with computers combined with a 
laser vision disc. CLIO Medica 
(Amstcrdam)21(l-4):169-174,l987- 
88. 

Wainer H: The future of item analysis. 
Journal of Educational Measurement 
26(2): 191-208, 1989. 



WHERE'S THE SOFTWARE? - PART 2 



In the past, we have published lists of 
life science software sources and pro- 
grams or program areas available 
through them. The following list is pre- 
sented as the latest in a continuing effort 
to make colleagues aware of potential 
resources. As in tlie past, no attempt has 
been made by NRCLSE to review these 
materials. 

This months listings continue last 
month's and are arranged by content area. 
Each item includes a vendor name relat- 
ing the software to the vendors list ap- 
pearing on page 22. 

If you have found specific software 
helpful in your teaching efforts, please 
share your good fortune by letting us 
ki.ow about the program(s) and 
supplier(s) so that we can make this infor- 
mation available through future software 
lists. Send >;eninent information to I>r. 
Harold Modell, NRCLSE, P.O. Box 
51187, SeatUe, W A 98115 or send us a 
note on BITnct. Our BITnet address is 
MODELL@UWALOCKE. 

(JENETICS (CONTINUED) 

MENDEUAN GENETICS 
Simulation covering dominance, par- 
tial dominance* lethality, linkage, and 
sex linkage. Program for Apple II 
equipment, queue, inc. 



MONOCROS'MONOHYBRU} CROSSES 
Simulation of various monohybrid ge- 
netic crosses. Program available for 
Apple lU TRS-80 models I and III,IBM- 
PC, and Commodore 64/128 equipment 

DIVERSIHED EDUCATION E?^ERPR1SES 

NATURAL SELECTION 
Tutorial/Simulation dealing with gene- 
tics and evolution to populations. Avail- 
able for Apple II equipment. 

EOUCATIONAl. MAITiRIALS > r-QUiPMENT CO. 
POPGENPOPUIATION NETICS 
Simulation of the effects of Hardy-Wcin- 
berg Law conditions on gene, genotype, 
and phenotype frequencies of a popula- 
tion over time. Program available for 
Apple lU TRS-80 Models I and III, IBM- 
PC, and Commodore 64/128 equipment 

DIVERSIHED EDUCATION ENl^PRlSKS 

MICROBIOLOGY 
DILVTE'MICROBIAL DILUTION 
SERIES 

Simulation covering design and testing 
of microbial dilution series to determine 
concentration of a bacterial solution. 
Pi'ogram available for Apple II, 'rRS-80 
Model III, IBM-PC, Commodore 64/128 
equipment 

DIVERSIHED EDUCATION ENTERPRISES 
MICROBIOLOGY TECHNIQUES 
Tutorial/Simulation covering various 
laboratory procedures. Available for 
Apple II equipment educational 

MATERIALS & EQUlPMENl v:C. 



NEIJROSCIENCE 

ANATOMY Of THE PERIPHERAL 

NERVOUS SYSTEM 
Tutorial covering upper extremity, 
head, neck and thorax, abdomen, and 
lower extremity. Available for Apple II 
and IBM-PC compatible equipment 

WUJUAMS & WILKINS 
HUMAN BRAIN: NEURONS 
Tutorial covering neuronal structure, 
types of neurons, electrical potentials, 
synaptic transmission, and neurotrans- 
mitters. Available for Apple II compat- 
ible equipment BIOSOURCE 

SOFI^ARH 

LOLIGO ELECTRONICUS 
Simulation that allows students to run 
experiments on an electronic squid 
axon. Program available for IBM-PC 
compatible equipment, biosoftcsd) 

MODEL NEURON 
Simulation of the behavior of an iso- 
lated neuron. Program available for 
Macintosh equipment kinkos 

NERVE PHYSIOLOGY 
Simulation of experiments that can be 
performed on tlie isolated frog sciatic 
nerve to illustrate some of the physio- 
logical properties of mixed nerves. 
Available for IBM-PC compatible, 
Macintosh, and Acorn (BBC) equip- 
ment 

SHEFHELD BIOSCIENCE PROGRAMS 
NEUROMUSCUIAR CONCEPTS 
Tutorial covering muscle action poten- 
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tials, use of eleclromyograph, con- 
traction, muscle action and movement 
disorders. Program for Apple II equip- 
ment. BIOSOURCESOFTWARB 
NEUROSIM 

Package of four simulations dealing 
with passive conduction in along length 
of axon, the Hodgkin-Huxley equation, 
post-synaptic potentials, and rhythmic 
properties of a simple neural network. 
Available for Apple II and IBM-PC 
compatible equipment Available for 
IBM-PC compatible equipment 

BIOSOFr (UK) 

NEUROSYS 
Tutorial that teaches the basics of neu- 
roanatomical techniques that are com- 
monly used to U'acc nerve fibers and 
their interconnections. Available for 
IBM-PC compatible equipment 

BIOSOFT (UK) 

NURSING 
For an extensive list of educational soft- 
ware for nursing, consult the Directory 
of Educational Software for Nursing 
published annually by the National 
League of Nursing, 10 Columbus 
Circle, New York, NY 10019. (800) 
847-8480 and Annual software ex- 
change published in Computers in 
Nursing (March/April, 1989 Supple- 
ment) 

PHARMACOLOGY 

CARDIAC PHARMACOLOGY 
Simulation of cardiac activity in re- 
sponse to a variety of pharmacological 
agents. Available for IBM-PC compat- 
ible equipment WALKER.ORJ.R. 

CARDIOLAB 

Simulation of cardiovascular pharma- 
cology experiments. Available for 
BBC, Apple II, and IBM-PC compat- 
ible equipment. BiosoncuK) 

EFFECTS OF DRUGS ON THE UTERUS 

AND THE INTESTINE 
Simulation of uterine activity and intes- 
tinal smooth muscle. Available for 
IBM-PC compatible equipment 

WALKER, DR. J.R.. 

ILEUM 

Simulates laboratory experiments in- 
vestigating effects of dnigs on the in 
vitro guinea pig ileum. Program avail- 



able for Apple II and IBM-PC compat- 
ible equipment BIOSOFT (UK) 

LVP: LEFT VENTRICULAR 

PERFORMANCE 
Simulation of left ventricular jxirform- 
ance. Available *or IBM-PC compat- 
ible equipment ANESOFT CORPORATION 

MACDOPE 

Simulation dealing with absorption, 
distribution, metabolism, and elimina- 
tion of drugs. Available for IBM-PC 
compatible equipment irl press 

MACPHARMACOLOGY 
Tutorial/review of various aspects of 
pharmacology. Available for Macin- 
tosh equipment UNTVERSrrYOF 
MINNESOTA - Dl^^UTH 

PHARMACOKINETICS 
Simulation for one-conpariment and 
two-compartitient models. Available 
for IBM-PC compatible equipment 

COOKE. DR. WILUAM 
PHARMATUTOR 
Five short class exercises that include 
pharmacokinetic simulations, effects of 
agents on the cardiovascular system, 
and regulators of smooth muscle func- 
tion and neuromuscular transmission. 
Available of Macintosh equipment 

FUND FOR RESEARCH IN ALTERNATIVES TO 
ANIMAL EXPERIMENTATION 
PRINCIPLES OF PHARMACOLOGY 
Tutorial covering history, drug absorp- 
tion and distribution, biotransformation 
and elimination, mechanisms of action, 
r.id drug safety and efficacy. Program 
for Apple II equipment 

BIOSOURCE SOFTWARE 

REGULA TION OF THE 

CARDIOVASCULAR SYSTEM 
Review of reflex regulation of blood 
pressure, effects of neurotransmitters 
and pharmacologic agents. Demon- 
strates interactions of various elements 
of thecardiovascular system. Available 
for IBM-PC compatible equipment 

WALKER. DR. J.R. 

PHYSIOLOGY 

ABGAME 
Tuu ' and game providing practice in 
acii <e principles. Program avail- 
abl r IBM-PC compatible equip- 

mC OiW JERSEY MEDICAL SCHOOL 
ACIL ASE BALANCE 



Graphical analysis of Hendcrson- 
Hasselbalch equations. Available for 
Apple II compatible and Macintosh 
equipment hempung. dr. harold g. 

ACID-BASE PHYSIOLOGY 

SIMULATION 
Simulation of acid-base disturbances 
based on Davenport Diagram . Program 
available for IBM-PC compatible 
equipment. Indiana untve-rsffy school 

=F MEDiaNE 

ARTWAVE: THE RADIAL ARTERY 

PRESSURE WAVEFORM 
Simulation dealing with factors influ- 
encing the shape of the radial arterial 
pressure waveform. Available for 
IBM-PC compatible equipment 

ANESOFT CORPORATION 

BALANCE: MYOCARDIAL OXYGEN 

SUPPLY AND DEMAND 
Simulation of the cardiovascular sys- 
tem predicting myocardial oxygen sup- 
ply and demand. Available for IBM-PC 
compatible equipment, anesoft 

CORPORATION 
BASIC HUMAN 

Integrated systems model of human 
physiology. Program available for 
IBM-PC compatible equipment 

RANDAU.. dr. JAMES 

BIOFEEDBACK 
Part of 10 program package Experi- 
ments in Human Physiology. Experi- 
ments include biofeedback, condi- 
tioning, and perception measurements. 
Program available for Apple II equip- 
ment HRM SOFTWARE 

BIOFEEDBACK MICROLAB 
Package includes a pulse rate sensor 
that measures EMG, a thermistor probe 
to measure skin temperature, and an 
interface circuit that enables suident to 
connect the sensors to the computer. 
Program available for Apple II and 
Commodore 64/128 equipment, hrm 

SOR'WARE 

CALIBRATION 
Part of 10 program package Experi- 
ments in Human Physiology. Tempera- 
ture and timing functions are calibrated 
against standards. Program available 
for Apple II equipment hrmsoftware 

CAPEXCH 
Simulation dealing with exchange at 
the capillary level. Available for IBM- 
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PC compatible equipment mw jersey 

M£DIC/\L SaiOOL 

CARDIAC MUSCLE MECHANICS 
Simulation of heart muscle behavior in 
response to changes in length, load, and 
contractility. Available for IBM-PC 
compatible equipment quetie^inc 

CARDIOCOMP 
ECG/EMG data acquisition and analy- 
sis system. Available for IBM-PC com- 
patible equipment. INTEUTOOLWC 

CARDIOVASCULAR FITNESS LAB 
Provides students with everything tliey 
need in ordei to use llie microcomputer 
to monitor cardiovascular activity. 
Program available for Apple II and 
Commodore 64/128 equipment, hrm 

SOFTWARE 
CARDIOVASCULAR FUNCTION 
LABORATORY I PHYSIOLOGY 
LABORATORY TUTOR 
Programs developed to provide prob- 
lem-bascd learning in cardiovascular 
physiology. Available for IBM-PC 
compatible and Macintosh equipment 

IHOM THE HIiART SOFTWARE 
CARDIOVASCULAR INTERACTIONS 
Cardiovascular Physiology simulation. 
Program available for IBM-PC com- 
patible equipment. i>a)iANA university 

SCHOOL OF MEDiaNE 
CARDIOVASCULAR PHYSIOLOGY 
PART I: PRESURE/FLOW RELA TIONS 
Tutorial dealing with a variety of calcu- 
lations in the area of hemostatics/hemo- 
dynamics. Program available for IBM- 
PC compatible equipment rush 

MEDICAL COLLEGE 

CARDIOVASCULAR PHYSIOLOGY 

PART II: REFLEX 
Tutorial dealing with carotid sinus 
regulation of blood pressure, and reflex 
responses in hemorrhage and exercise. 
Program available for IBM-PC com- 
patible equipment rush medical 

COLLEGE 

CARDIOVASCULAR SYSTEMS AND 

DYNAMICS 
Simulation of aspects of cardiovascular 
physiology. Includes an isolated heart 
laboratory, heart-lung laboratory, sys- 
temic circulation laboratory, and a full 
circulatory system. Available for IBM- 
PC compatible equipment command 

APPUED TECHNOLOGY 

CIRCSIM: A TEACHING EXERCISE ON 



BLOOD PRESSURE REGULATION 
Simulated experiment based on a model 
of the barorecepior reflex loop. Pro- 
gram available for IBM-PC compatible 
equipment, rush medical college 

CIRCSYST 
Simulation of hemodynamics. Avail- 
able for IBM-PC compaiible equip- 
ment NEW jersey MEDICAL satOOL 

CONCEPTS IN THERMOGRAPHY 
Tutorial covering basic DC concepts, 
peripheral vascular physiology, detect- 
ing skin temperature, amplifiers, and 
processing DC signals. Program for 
Apple II equipment biosoukce 

SOFTWARE 

DIGESTION 
Tutorial covering digestion in simple 
organisms and humans. Program avail- 
able for Apple II and TRS-80 Model III 
equipment j&ssor'ware 

ECG TUTOR 
Tutorial presenting basic cardiac elec- 
trophysiology. Available for IBM-PC 
compatible equipment, n^osoit.inc. 

ENDOCRINE SYSTEM 
Tutorial covering hormones, effects 
and problems. Program available for 
Apple II and TRS-80 Model III equip- 
ment. J &S SOFTWARE 

EXCRETION 
Tutorial reviewing metabolic wastes, 
waste removal, and kidney fimction. 
Program available for Apple II and 
TRS-80 Model III equipment j&ssofi* 

WARE 

EXERCISE EXPERIMENTS 
Part of 10 progmm package Experi- 
ments in Human Physiology. The ef- 
fect of exercise and physical condition 
on heart rate, breathing rate, and skin 
temperature is investigated. Program 
available for Apple II equipment hrm 

SOFTWARE 

FLEXICOMP 
Data acquisition and analysis system 
for studying the reflex arc. Available 
for Apple II and IBM-PC compatible 
equipment, inteljtoouinc. 

FROG HEART 
Simulation of experiments that can be 
performed on the in situ frog heart. 
Available for IBM-PC compatible and 
AccHTi (BBC) equipment Sheffield 
bioscience progra- s 

OAS DIFFUSION I^ THE LUNG 



Simulation of oxygen and C02 transfer 
between alveolar air and blood. Pro- 
gram available for IBM-PC compatible 
equipment. Indiana universh-y satooL 

OF MEDICINE 
GLOMERULAR FILTRATION, 
CONCENTRATION'DILUTION, Tm 
Package of three renal physiology 
teaching programs. Available for IBM- 
PC compatible equipment, dieiz dr. 

JOHN R. 

GUINEA PIG ILEUM 
Simulation of the isolated, U'ansmurally 
stimulated guinea pig ileum prepara- 
tion to investigate the effects of drugs 
on neurotransmitter release in the en- 
teric nervous system. Available for 
IBM-PC compatible equipment 

SIU'FnELD BIOSCIENCE PROGRAMS 

HEART RATE 
Part of 10 program package Experi- 
ments in Human Physiology. Light and 
light sensor for measuring and record- 
ing heart rate. Program available for 
Apple II equipment, hrm soitwark 

HOMEOSTASIS- 

THERMOREGUIATION 
Part of 10 program package Experi- 
ments in Human Physiology. Students 
investigate the body's ability to main- 
lain a constant internal temperature by 
subjecting a volunteer to mild tempera- 
ture excursion while recording and dis- 
playing skin and body temperature. 
Program available fw Apple II equip- 
ment hrm SOFTWARE 

HUMAN BODY-STRUCTURE AND 

FUNCTION 
Simulation covering joint movement, 
movement of food through digestive 
system, and enzyme activity. Program 
available for Apple n equipment. 

SCOrr. FORES MAN A COMPANY 
HUMAN CIRCULATORY SYSTEM 
High resolution pictorial simulation. 
Available for Apple //e (enhanced) and 
IBM-PC compatible equipment. 

EDUCAHONAL MATERIALS A EQUIPMENT CO. 

LOUGO ELECTRONICUS 
Simulation that allows students to run 
experiments on an electronic squid 
axon. Program available for IBM-PC 
compatible equipment biosoI'T(sd) 

LVP: LEFT VENTRICULAR 

PERFORMANCE 
Simulation of left ventricular ix^rfomi- 
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ancc. Available for IBM-PC compat- 
ible equipment ANESOFrCORPORATON 
MACMAN 

Simulation of circulatory system. 
Available for IBM-PC compatible 
equipment, irl press 
MACPEE 

Simulation of interactions of renal 
physiology. Available for and IBM-PC 
compatible equipment, irl press 
MACPUF 

Simulation of cardiopulmonary physi- 
ology. Available for IBM-PC compat- 
ible equipment. IHl.PRKSS 

MECHANICAL PROPERTIES OF 

ACTIVE MUSCLE 
Set of six programs concerned with 
skeletal muscle contraction. Available 
for IBM-PC compatible equipment. 

QUEUE. INC; TRINTTy SOFTWARE 

MODEL NEURON 
Simulation of the behavior of an iso- 
latal neuron. Program available for 
Macintosh equipment, kinkos 

MUSCLE MECHANICS; A COMPUTER^ 

SIMUIATED EXPERIMENT 
Simulated experiment that pennits the 
user to determine either the length- 
tension or iJie force-velocity relation- 
ship of a skeletal muscle. Program 
available for IBM-PC compatible 
equipment, rush mi:dical cou -ege 

MUSCLE PHYSIOLOGY 
Simulation of experiments that can be 
l^rformed on the isolated frog sciatic 
nerve-gastrocnemius muscle to illus- 
trate some of the physiological proi)er- 
ties of skeletal muscle. Available for 
IBM-PC compatible and Acorn (BBC) 
equipment. siiEFHEiJJBiosaENCE 
programs 

NERVE PHYSIOfjOGY 
Simulation of experiments that can be 
performed on the isolated frog sciatic 
nerve to illustrate some of the physio- 
logical properties of mixed nerves. 
Available for IBM-PC compatible, 
Macintosh, and Acorn (BBC) equip- 
ment, SHEFFIELD BIOSCIENCE PROGRAMS 
NERVOUS SYSTEM 

Tutorial covering nerves, reflexes, and 
chemical transfer of impulses. Program 
available for Apple II and TRS-80 
Model III equipment, j & s software 
NEUROSIM 

Package of four simulations dealing 



with passive conduction in along length 
of axon, tlie Hodgkin-Huxley equation, 
post-synaptic potentials, and rhythmic 
properties of a simple neural network. 
Available for Apple II and IBM-PC 
compatible equipment Available for 
IBM-PC compatible equipment 

BIOSOFT (UK) 

PHYSIOIjOGICAL data SIMUIATION 
25 simulations covering aspects of 
physiology. Program available for 
Apple II and IBM-PC compatible 
equipment, oakieafsysiems 

PROBLEMS IN FLUID COMPARTMENT 

RE-DISTRIBUTION 
Tutorial covering solution of simple 
problems of fluid compartment 
changes in the face of perturbations. 
Program available for IBM-PC com- 
patible equipment, rush medical 

COLLEGE 

PSYCHOLOGICAL STRESS-UE 

DETECTOR 
Pan of 10 program package Exi>eri- 
menls in Human Physiology. The 
physiological response to the stress of a 
frustrating and abusive quiz is meas- 
ured. Program available for Apple II 
equipment, hrm software 

PULMONARY MECHANICS 
Tutorial and simulation dealing willi 
pulmonary mechanics. Available for 
IBM-PC compatible equipment new 

JERSEY Mm>lCAl. SCTOOL 

REGULATION OF THE 

CARDIOVASCULAR SYSTEM 
Review of reflex regulation of blood 
pressure, effects of neurotransmitters 
and pharmacologic agents. Demon- 
strates interactions of various elements 
ofthecardiovascularsystem. Available 
for IBM-PC compatible equipment. 

WAIXER, m J. R. 
PERMEABILITY 
Simulation of osmotic phenomena in 
cells. Available for Apple II compat- 
ible and Macintosh equipment. 

HEMPUNG, DR. HAROLD G. 

PHYSIOGRIP 
Data acquisition and analysis system 
for the muscle physiology lab. Avail- 
able for Apple II and IBM-PC com- 
pitblc equipment iNrrEurooL.iNC. 

RENAL GLOMERUIAR DYNAMICS 
Simulation of human glomerulus and 
factors that affect glomerular filtration 



rate. Program available for IBM-PC 
compatible equipment. Indiana univer. 
smr SCHOOL of medicine 

RESPIRATION RATE 
Part of 10 program package Experi- 
ments in Human Physiology. A nap- 
ping subject is monitored for heart and 
breathing rate. Results arc compared to 
the data acquired when the subject is 
awake. Program available for Apple II 
equipment, hrm software 

RESPONSE-TIME 
Part of 10 iM*ogram package Expcri- 
.-^lents in Human Physiology, Users 
measure finger reaction times with a 
bright light stimulus (senscM- included). 
Program available for Apple II equip- 
ment, hrm SOFTWARE 

RESPONSE'TIME INVESTIGATIONS 
Part of a 10 jH-ogram package Experi- 
ments in Human Physiology. The ef- 
fects on reaction tijnes of stimulus type 
and response location are studied. Pro- 
gram available for Apple 11 equipment. 

HRM SOFTWARE 
RESPSYST, GASEXCU 
Simulations dealing with pulmonary 
gas exchange. Available for IBM-PC 
compatible equipment, new jersey 

MEDICAL SCHOOL 

SIMULATIONS IN PHYSIOLOGY - THE 

RESPIRATORY SYSTEM 
Series of 12 simulations dealing with 
respiratory mechanics, gas exchange, 
chemoregulalion and acid-base bal 
ance. Program available for Apple II, 
IBM-PC compatible, and Macintosh 
equipment, nrclse 

SKELETAL MUSCLE ANATOMY/ 

PHYSIOLOGY 
1 utorial covering three muscle catego- 
ries, skeletal muscle microstmcture, 
sliding filament theory, motor units, 
and lever systems. Program for Apple II 
equipment, biosource software 

SKELETAL MUSCLE CONTRACTIONS 
Tutorial/Simulationof muscle mechan- 
ics. Available for IBM-PC compatible 
equipment, siegman,dr.marionj 

SKILLS IN ELECTROMYOGRAPHY 
Tutorial covering skin preparation, 
reduc ing EMG arti fact , tes ting a 
myograph's operation, electrode loca- 
tion, and preventing, shock hazards. 
Program for Apple II equipment. 
biosource software 
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SKIN TEMPERATURE 
Part of a 10 p-ograiTi package Experi- 
menls in Human Physiology, Tempera- 
ture probe (included) senses body and 
skin temperatures. Program available 
for Apple II equipment, iirmsofware 

SPIROCOMP 
Data acquisition and analysis system 
for measuring lung volumes and ca- 
pacities. Available for Apple 11 and 
IBM-PC compatible equipment 

INlT-UrOOL, INC: 
THE BODY IN FOCUS 
Tutorial for investigating body systems 
including skeletal, muscular, respira- 
tory, cardiovascular, gastrointestinal, 
endocrine, and integumentary. Avail- 
able for Apple II and IBM-PC compat- 
ible equipment. NEOSOIT.INC. 

POPULATION DYNAMICS 
BAIANCE PREDATOR-PREY SIMULA- 
TION 

Simulation of the effects of food sup- 
ply, canning capacity, environmental 
conditions, and external pressures or 
predator/prey relationships. Program 
available for Apple II, TRS-80 Models 
I and III, IBM-PC, and Commodore 64/ 
128 equipr lent. DivERsniED education 

ENTERPRIf -S 

COEXIST :Populaiion Dynamics 
Simulation of the growth of two popula- 
tions either independently or in compe- 
tition for the same limited resources. 
Program available for Apple II equip- 
ment. CONDUIT 

COMMUNITY DYNAMICS 
Tutorial/simulation dealing with inter- 
action of predator and prey systems. 
Available for Apple //e equipment. 

EDUCATION MATERlAl^ & EQUIPMENT CO. 

ISLAND BIOGEOGRAPHY 
Three simulations of island communi- 
ties dealing with the relationship be- 
tween island area and number of spe- 
cies, coioni/alion of a new island, and 
island immigration and extinction. Pro- 
gram available for Apple II equipment. 
coNDurr 

LIMITS 

Simulation of the effects of growth on 
world population, pollution, food sup- 
ply, industrial output, and natural re- 
sources. Program available for Apple 
II. PET/CBM and TRS-80 Model III 



equipment, compuware 
MARK & RECAPTURE 
Simulation of mark and recapture ex- 
I^riments to explore Uirce models for 
estimating population sizes. Program 
available for Apple II equipment, 
coNDurr 

POP 

Simulation of three growth models 
(exponential, logistical, and logistical 
with low density). Program available 
for Apple U, PET/CBM, and TRS-80 
Model III equipment compuware 

POPGRO'POPULATION GROWTH 

SIMULATION 
Simulation of unlimited growth (J- 
curve), limited growth (S-curve) and 
limited growth with response lag lime 
(S-curve with oscillations) models of 
population growth. Program available 
for Apple II, TRS-80 Models I and III, 
IBM-PC, and Commodore 64/128 
equipment. DiVERsmED education 
enterprises 

POPULATION CONCEPTS 
Simulation dealing with factors influ- 
encing population growth. Available 
for Apple //e, TRS-804, and TRS-80 III 
equipment, educational materials & 

EQliU'MENT CO. 
POPULATION FLUCTUATIONS 
Tutorial covering factors influencing 
population growth. Program available 
for Apple II, TRS*80 Models I and III 
equipment, educational materials & 

EQUIPMENT CO. 
POPUIATION GROWTH 
Simulation dealing with exponential 
and density-dependent gowth. Pro- 
gram for Apple II equipment, queue, 
inc. 

POPULATION GROWTH 
Simulation of population giX)wth. The 
package compares and conu^asts the 
geometric or exponential growth model 
with the logistic or Verhulst-Pearl 
growth model. Program available for 
Apple II equipment condutt 

POPULATON SIZES 
Simulation dealing with a dynamic 
population. Program for Apple II 
equipment, queue, inc. 

PREDATION 
Simulation of predator-prey interac- 
tions. Program available for Apple II 
equipment, condiot 



PREDATION EQUIUBRIA 
Simulations of equilibrium models of 
predator-prey interaction. Program 
available (or Apple II equipment* 
coNiiurr 

RABBITS 

Wildlife population simulation. Avail- 
able for TRS-80 III equipment, duanh 

BRISTOW 

VENDORS 

AneSoft Corporation 

13051 SE47lh Place 
Bcllevuc, WA 98006 
(206) 644-7488 

Bfosoft (SD) 
P.O. Box 192 
Whilewood^SD 57793 

BIOSOFT (UK) 
22 Hills Road 

Cambridge CB2 UP, United Kingdom 

P.O. Box 580 
Milltown, NJ 08850 

Blosource Software 

2105 S.Franklin, Suite B 
Kirksville, MO 63501 
(816) 665^3678 

Command Applied Technology 
West 400 Main Street 
Pullman, WA 99163-0511 
(509 U34-6145 

Compuware 

15 Center Road 
Randolph, NJ 07869 
(20r 366^8540 

CONDUIT 

The University of Iowa 
Oakdale Campus 
Iowa City, lA 52242 
(319)335-4100 

Cooke, Dr William 

Eastern Virginia Medical School 
Dept. of Pharmacology 
P.O. Box 1980 
Norfolk, VA 23501 
(804) 446-5635 

DIetz, Dr. John R. 

Department of Physiology and Biophysics 
College of Medicine 
University of South Florida 
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Tmnpa,FL 336124799 
(813)974-2527 

DIversined Education Enterprises 
725 Main Street 
Lafayette, IN 47901 
(317)742-2690 

Duane Bristow 
Rl 3, Box 722 
Albany, KY 42602 
(606)387-5884 

Educational Materials and 

Equipment Co. 
P.O. Box 2805 
Danbury.CT 06813-2805 
(203) 798-2050 

From the Heart Software 
P.O. Box 3158 
Eugene, OR 97403 
(503)345-7749 

Fund for Research In Alternatives to 
Animal Experimentation 

Bibcrlinstr. 5 
8032 Zurich 
Switzerland 

Hempling, Dr. Harold G. 

Departmeni of Physiology 
Medical University of South Carolina 
Charlestown, SC 20425-2258 
(803) 792-2005 

HRM Software 

175 Tompkins Avenue 
Pleasaniville, NY 10570 
(914) 769-7496 
(800) 431-2050 

Indiana University School of Medicine 
Department of Physiology and Biophysics 
635 Bamhill Drive 
Indianapolis, IN 46223 

Intelitool Incorporated 
P.O. Box 459 
Batavia, IL 60510-0459 
(708) 406-1041 
(800) 227-3805 



IRL Press 
P.O. Box Q 

McLean, V A 22101-0850 
(703) 437-3334 

P.O. Box 1 

Eynshani, Oxford 0X8 IJJ 
United Kingdom 

J & S Software 

14 Vanderventer Avenue 
Port Washington, NY 1 1050 
(516) 944-9304 

KInko's Service Corporation 

4141 State Street 

Santa Barabara, CA 93 1 10 

(800) 235-6919 

in CA (800) 292-6640 

outside USA (800) 967-0192 

Neosoft, Inc. 
CBS Interactive Learning 
Onw Fawcett Place 
Greenwich, CT 06836 
(800) 227-2574 

New Jersey Medical School 
Josepli Boyle, MD 
Department of Physiology 
100 Bergen Street 
Newark, N J 07103 
(201)456-4464 

NRCLSE 

National Resource for Computers in 
Life Science Education 
P.O. Box 51 187 
ScalUe, WA 98115 
(206) 522-6045 

Oakleaf Systems 
P.O. Box 472 
Decorah, lA 52101 
(319) 382^320 

Queue, Inc 
562 Boston Avenue 
Bridgeport, CT 06610 
(800) 232-2224 

Randall, Dr. James 



609 S. Jordan 
Bloomington, IN 47401 
(812) 335-1574 

Rush Medical College 

Drs. Joel Michael and Alan Rovick 

Department of Physiology 

1750 West Hanison Street 

Chicago, IL 60612 

(312) 942-6426 

(312)942-6567 

Scott, Foresman and Company 
1900 East Lake Ave. 
Glenview, IL 60025 
(312) 729-3000 

Sheffield Bioscience Programs 
Dr. David Dewhurst 
Department of Applied Science 
Leeds Polytechnic 
Calverley Street 

Leeds LS 1 3HE United Kingdom 

Slegman, Dr. Marlon X 

Department of Physiology 
Jefferson Medical College 
1020 Locust Si, 
Philadelpliia, PA 19107 

Trinity Software 
P.O. Box 960 
Campton, NH 03223 
(603)726-4641 

University of Minnesota - Duluth 
Dr. Richard Eisenberg 
Department of Pharmacology 
University of Mi'.u esou - DuluiJi 
School of Medicine 
Dululh, MN 55812-2487 
(218)726-8512 

Walker, Dr. J,R. 

University of Texas Medical Branch 
Galveston. TX 7/550 
(409) 761-2966 

Williams & Wllkins 
428 East Preston Street 
Baltimore, MD 21202 
(800) 638-0672 
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AIMS AND SCOPE 



•n»e Koal of Computers inLife Science Education is lo provide amcans of communication aiuoiig 
life science educators who anticipate or are currently employing the computer as an cducatioi»al 
tool The range of content includes, but is not limited to. articles focusing on computer aiipli- 
caUons and their underlying philosophy, reptwts on faculty/student experiences with computers 
in teaching cnviroiunents. and software/hardware reviews in botli basic science and cUmcal 
education settings. 



INVITATION TO CONTRIBUTORS 



Articles consistent with the goals oWompuiers in Life Science Education are invited for possible 
pubtination in the newsletter. 

PREPARATION AND SLBMISSION OK MAfERUL 

Articles submitted for publication should be typewritten, double spaced, with wide margins. n« 
original and two copies including two sets of figures and tables should be sent to Uw bditor: 
Dr Harold Modell,NRCLSE. P.O. Box 51187. Seattle. WA 98115-1187. 

Title page should include full tide, list of auiliore, academic or professional affiliations, and 
complete address and phone number of tlw conresponding audior. 

Illustrations slwuld be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper (Laser printer output is acceptable). The lettering should be such 
that it can be legible after reduction (width of one colimin = 5.7 cm). 

Reference style and form should follow the "number system with references alphabcii/.cd" 
described in the Council of Biology Editors Style Manual. References should be ksicd in 
alphabetical order by the fust author's last name, numbered consecutively, and cited m the tcxl 
by these nuntbers. 

RESPONSIBI1.1TY AND COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed m aruclcs. All authors 
submitting manuscripts will be sent a copyright transfer foim to complete. Tlie completed fonn 
must be returned before the work will be published. 



SUBSCRIPTION INFORMATION 



Computers in Life Science Education is published monthly by National Resource for Computer 
in Life Science Education. P.O. Box 5 1 1 87 . Seattle. W A 98 1 1 5-1 1 87. Subscription rate is $40.00 
for 12 issues, including postage and handling in the United States. Canada, and Mexico. Add 
$20.00 for posuge (airmail) in Europe and South America and $23.00 for the rest of the world. 

This newsletter has been registered with the Copyright Clearance Center. Inc. Consent is givoi 
for copying of articles for personal or internal use, or for the personal or internal use of specific 
clienu This consent is given on the condition tliat the cq>ier pay through theC^nter the per-copy 
fee stated in the code on the firs t page for copying beyond that pemiittcd by the US Copyright Law. 
If no code appears on an article, the autlior has not given broad consent to copy and permission 
to copy must be obtained dirccUy from the author. This consent does not extend to otlier kinds 
of copying, such as for general disUibuUon, resale, advertising and promoUonal purposes, or for 
creating new collective works. 

Address orders, changes of address, and claims for missing issues to NRCLSE. P.O. Box 51 187. 
Spattle. W A 98 1 15- 1 1 87. Claims for missing issues can be honored only up lo three momlis for 
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to 
replace ones undelivered due to failure to noUfy NRCl^E of change of address. 

Address editorial correspondence to Harold I. Modcll. PhD. NRCLSE. l^O. Box 51 187. Seattle. 
WA 98115-1187. (BITNETMODELUgUWALOCKE) 

K^STM ASTER: Send address changes xoComputers inLife Science Education. NRCLSE. P.O. 
Box51187.SeatUe, WA 98115-1187. 
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COMPUTER ASSISTED 
INSTRUCTION IN AN 
HISTOLOGY COURSE 

Ronald P. Jensh 

Department of Anatomy, Jefferson Medical College. Tho-.^as Jefferso i UniversUy, 
Philadelphia, Pefuisyhania 



Computer assisted instruction (CAI) is a 
>'aluablc addition to niciluxJologics cur- 
rently available for medical educators. 
Tlie cftectivcness of CAK however, de- 
pends to a great extent on creative plan- 
ning, effective programming, appropri- 
ate content, and an understanding of the 
future and background of the users. At 
tlie outset, one must be able lo cleaily 
identify the needs of the user, the envi- 
ronment in which CAl is to be used, and 
tlie goal of CAI programs within the 
educational environment. Often iliere 
has been too much emphasis on the 



computer as the eiidix)ini instead of as a 
mcvms to facilitate educational nceds,^ 

In 1983, it became evident to us that 
CAI could be a useful teaching tool in his- 
tology. Although there were numerous 
programs available or Ix^ing devclo{)cd at 
tfie public sc:!iool and undergraduate col- 
lege and univeristy levels, and some 
programs were being designed for stu- 
dents in the upper two years (clinical) of 
molical school, there was a paucity of 
basic science CAI prognuns for student 
use during the first two years of medical 
school. Programs that were available 
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Table 1. Order of topic presentation in the first year histology course. 



Epithelium 
Connective tissue 
Adipose tissue 
Cartilage 
Bone 
Muscle 
Nerve 
Quiz#l 

Peripheral blocxi 
Hemopoiesis 

Circulatory system (vascular) 
Lynphalics 



Integument 
Glands 

Digestive system 
Quiz #2 

Respiratory system 

Endocrine system 

Male reproductive system 

Quiz #3 

Urinary system 

Female reproductive system 

Special senses (eye, car) 

Final quiz 



were of variable quality and often did not 
address the needs of schools due to differ- 
ences in curricula. 

During the summer of 1984, the first 
CAI program was complete at Jefferson 
Medical College for one topic in medical 
histology using a commercially available 
authoring system. Three programs in 
histology were created in 1985. It be- 
came evident, however, that these pro- 
grams were limited, as computer gener- 
ated graphics did not adequately address 
the needs of a morphologic science such 
as histology. Witli the advent of vide- 
odisc technology and the ability to inter- 
face videodisc players easily and inex- 
pensively to computers, CAI became an 
appropriate educational tool for the mor- 
phologic sciences. 

Three years ago, an experimental vide- 
odisc was produced containing over 
1000 photographs that could be used to 
create computer assisted instruction, in- 
teractive video progranis (CAI-IV). At 
that time, the following Uiree common 
errors were identified and addressed. 

• Although commercially available au- 
thoring systems were very sophisti- 
cated and impressive, they were too 

^mplex for faculty who might want 
tu produce programs but did not have 
the time to leam such complicated 
systems. 

• The cost of many computer system 
was too high, resulting in limited 
hardware availability to schools* 

• Technology changes so fast that sys- 
tems and software became "obsolete" 
in months. 

Many people changed systems in order to 
keep up, the net result often being that 
projects never could be taken to comple- 
tion. Therefore, in 1986, decisions were 
made to a) design an inexpensive work- 
lation and slay with that technology, 
and, b) instead of concentrating on pro- 
ducing individual programs, create a 
simple, easy to use authoring system that, 
although more restrictive, would permit 
faculty with minimal computer knowl- 



edge to produce a tutorial or quiz within 
afew hours. By theendof the summer of 
1987, the authoring system was com- 
pleted, and two tutorials were created and 
eva'uated.^ The objective of the present 
study was to produce a complete set of 
programs for use by first year medical 
students in the medical histology course 
for the fall of 1988 and to solicit student 
evaluations. 

METHODS AND MATERIALS 
A workstation was created which con- 
sisted of an Apple //e computer with an 
accelerator card, two 5.25" disk drives, a 
Zenith Data System 12" monochrome 
monitor (Model ZVM-121), a Sony 
Triniut)n 13" color monitor (Model KV- 
131 ICR), a Pioneer LD-VIOOO Video 
Disc Player, and a Video Microcomputer 
Interface card (Allen Communications, 
Inc.). The first three items were readily 
available in the medical college, so the 
additional cost to complete the worksta- 
tion was under $1200. The hardware was 
placed on a mobile card that allowed 
transport of the workstation to student 
laboratories, faculty offices, and study 
areas, as needed. The workstation and 
software were made available to the 236 
first year students at Jefferson Medical 
College during tlie fall, 1988, when the 
medical histology course was offered. 

During the summer of 1988, twenty 
tutorials and four quizzes were created 
covering the entire first year medical 



histology course. The tutorials consisted 
of written text for each subject in histol- 
ogy with some applicable gross anatomy, 
biochemistry, physiology, and some 
clinical information included. Text ma- 
terial was presented on the monochrome 
monitor paired with a photograph from 
the videodisc displayed on the color 
monitor. Sources included textbooks, 
atlases, lecture notes, and published ar- 
ticles. The order of presentation of the 
twenty-four programs in the histology 
course is shown in Table 1. Bfxause up 
to 40% of the students had little or no 
computer expertise, the workstation and 
programs were designed so students only 
needed to be shown how to insert the 
videodisk and floppy disk into the drives 
and turn on the unit. 

During the final week of the course, the 
entire class was asked to complete an 
evaluation of the CAMV program. The 
questions asked on the evaluation are 
presented in Table 2. 

An objective evaluation of changes in 
student grades due to exposure toCAI-IV 
was not done because on y one worksta- 
tion was available for the class, severely 
limiting the time for students to access 
the computers. In addition, the medical 
student population is very homogeneous 
academically, and, therefore, a major 
change in test results would not be ex- 
pected, given the logistical constraint 
previously mentioned, li was felt that 
suident perception of tlie effect of CAI- 
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IV on their learning ability and efficiency 
was a valid parameter to measure at this 
time. 

RESULTS 

Student reaction was uniformly positive, 
and the workstation was in constant use 
tfxroughout the leaching block. In many 
instances, the workstation had to be 
moved into a hallway to accommodate 
eight to ten student at a time. When 
groups used the workstations, tlie pro- 
grams became the focus for informative 
discussions among students. 

Ninety students representing 39% of 
the class, responded to the questionnaire. 
Foriy-five percent used more than nine 
programs, and 48% used between one 
and eight programs. Sixty-seven percent 
found the programs to be helpful, while 
three percent did not. Twenfy-scvcn 
percent cf the students estimated an in- 
crease of five or more points to their 
gi ade as a result of exposure to the CAI- 
IV programs; 31% felt there would be 
little or no effect on grades. Over 96% of 
the students responding found the pro- 
grams informative, personable, and en- 
joyable. Seventy-four percent felt that 
the programs inhanccd their educational 
experience, and over 98% believed that 
more workstations should be built and 
more programs should be created; 90% 
affirming that such an activity should 
take place as a college-wide commit- 
ment. Although students felt that CAM V 
should not replace human interaction, 
almost 75% felt such programs could 
replace certain lectures that were per- 
ceived to be of low quality by the stu- 
dents. All criteria listed, concerning 
educational activities, were considered 
extremely to very important with two 
exceptions. Of moderate importance to 
students was the form of the content and 
individualization of programs. Of the 
responses to questions 21-22, the major- 
ity indicated that the students partici- 
pated in the CAMV educational experi- 
ence to obtain additional help with Uie 
subject matter and that their expectations 
were fulfilled. The only major criticism 



was the lack of additional workstations. 
DISCUSSION 

Computer assisted instructional materi- 
als are a new and potentially valuable 
addition to the medical education arma- 
mentarium. Today's medical students 
have been raised in a era in which com- 
puter technology has become an ever 
increasing part of e -eryday personal and 
professional life.^-'* Therefore, they feel 



comfortable with computer piograms 
and are beginning to expect that such 
programs should be available to them as 
part of what tliey consider to be quality 
education. l*he workstation with astioci- 
ated software is a step toward providing 
students with the most up-to-date educa- 
tional techniques. 

There are a number of advantages re- 
lated to the use of CAM V. First, one has 
control over tlie content aiid emphasis of 



Table 2. Evaluation survey presented to students following use of CAI-IV. 



1 . Did you use any of ihc 24 programs? 

2. Do you believe thai ihese programs aided in your understanding of the material? 

3. What grade do you expect to receive? 

4. By how many points do you estimate your grade increa.scd by use of these CAMV 
programs? 

5. Were the programs informative? 

6. Were tlie programs enjoyable and personable? 

7. Do you believe more workstations should be built? 

8. Do you believe more CAI-IV programs should be developed? 

9. Do you believe computer programs in general enhanced you educational experience? 

10. Do you believe Jefferson should commit more resources to the development of such 
technology at the dcpartmenlal/college level? 

1 1 . Should CAI-IV techniques replace lectures? 

12-20. Evaluate the importance of the following criteria in evaluating educational 
activities: 

Informational content 

Form in which content is presented (brief/non-redundant) 

Learner active 

Individualized 

Utilization of graphic images 

Connections across different topics emphasized 

Activities enjoyable and personable 

Non -judgmental approach 

21 . Why did you participate in this activity (reasons/objectives)? 

22. To what extent were your expectations fulfilled? 

23. Wliat effects, if any, did participation in CAI-IV have on your other study behavior? 
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the material being presented. For ex- 
aiTiple, the respiratory system chapters 
presented in four of ihc histology text- 
books most commonly used by medical 
schools were compared. Text length 
varied from about 5,000 to over 13.000 
words. Second, the number and quality 
of illustrations can be planned. Tbird, the 
orientation, emphasis, and quality of 
photographs can be precisely controlled. 
Light microscopic photographs as a per- 
cent of total illustrations in the four texts 
varies ftom 21 % to 62%, electron photo- 
micrographs from 10% to 58%, and dia- 
grams and drawings from 28% to 66%. 
Another advantage concerns the elimina- 
tion of lead time associated with text 
production, which may be several years 
behind current concepts. It is important 
to emphasize, however, that written 
material cannot be totally eliminated. 
CAI is a valuable educational addition to 
existing educational modalities with 
strengths and limitations, advantages and 
disadvantages, that must be recognized if 
it is to be used properly and effectively. 
Each student has his or her own individ- 
ual way of using the various educational 
tools available to maximize his or her 
learning experience. CAMV is a method 
that students readily accept and that they 
perceive as being very helpful in assist- 
ing them to understand complex mate- 
rial. Ninety-seven percent of the students 
who used these programs felt that more 
resources should be committed to de- 
velop additional materials. 

The process of creating the 24 programs 
was accelerated by using a very simple, 
straightforward authoring system. Al- 
though the system had to be limited in its 
options in order to maintain simplicity, 
the programs were very effective from 
the user's standpoint. The ojection has 



often been raised that tutorials are simply 
pagetumers. However, the validity of 
sucli programs rests with the nature of the 
material, the objectives that are to be 
achieved, and the environment in which 
the programs will be used. The success of 
the CAI-iV tutorials amply justifies the 
format that was used in the design of the 
authoring system. A second criticism has 
been that programs that run on older 
computers are too slow. The present 
programs have a cycle time (the time 
tiken to present successive pairs of text 
and photograph on the two monitors) of 
about five seconds. This was not a prob- 
lem for the students, and they were gen- 
erally unaware of tlie time interval, since 
they were involved in discussions among 
themselves. 

Computer technology will continue to 
make an ever increasing impact on the 
field of medicine and will greatly influ- 
ence the way students are taught, patients 
are cared for, and research is conducted. 
It is important, therefore, that medical 
educators use this technology and sensi- 
tize students and faculty to the advan- 
tages that computers offer to the medical 
community.* During the histology teach- 
ing block, students were constantly using 
and reviewing the CAI-IV programs to 
the extent that it was difficult to find time 
when the computer could be used for 
other activities. Clearly, our experience 
has indicated that students enjoy tliis type 
of educational exposure, and themajority 
feel the use of CAI-IV assisted in their 
better understanding of the material. 
This study has indicated, therefore, that 
CAI-IV is a valuable addition to educa- 
tional technology. Additional worksta- 
tions are being assembled, and tlic con- 
tent material is being redesigned and 
updated. The two programs have re- 



cently been redesigned using a Macin- 
tosh computer and HyperCard® These 
programs arc currently being evaluated 
as part of our commitment to meet the 
continuing needs of today's medical stu- 
dents. 
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f - NOTICE - ^ 

NRCLSE announces a new version of Simulations in Physiology -The Respiratory System - for Macintosh computers. 
Unlike Uie older version that required Microsoft BASIC, the programs in the new version run as independent applications 
land, therefore, require no special support software. / 
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WHERE'S THE SOFTWARE? - PART 3 



In the past, we have published lists of life 
science software sources and programs 
or program areas available through them . 
The following list is presented as tlie 
latest in a continuing effort to make col- 
leagues aware of potential resources. As 
in the past, no attempt has been made by 
NRCLSE to review these materials. 

lliis month's listings continue last 
month's and are arranged by con'xnt area. 
Each item includes a vendor name relat- 
ing the software to the vendor list thai 
fellows the software list. 

If* you have found specific softv.are 
helpful in your leaching efforts, please 
share your good fortune by letting us 
know about the program(s) and 
supplicr(s)sothatwecan make this in for- 
mation available through future software 
lists. Send pertinent information to Dr. 
Harold Modell, NRCLSE, P.O. Box 
51 187, Seattle. W A 981 15 or send us a 
note on BITnet. Our BITnet address is 
MODELL@UWALOCKE. 

SUBSTANCE ABUSE 

DRiNKiNG AND NOT DRlNKiNG 
Tutorial designed to augment strategics 
for the prevention of substance abuse. 
Includes facts about drinking and the 
effects of alcohol. Program available 
for Apple II equipment, kinkos 

INTRODUCTION TO PSYCHOACTIVE 

DRUGS 

Tutorial designed to augment strategics 
for liie prevention of psychoactive drug 
abuse. Program available for Apple II 
equipment, kjnko-s 

KEEP OFF THE GRASS 
Tutorial designed to augment strategics 
for the prevention of marijuana abuse. 
Program available for Apple II equip- 
ment KINKOS 

SIX CIASSES OF PSYCHOACTIVE 

DRUGS 

Tutorial designed to augment strategies 
for the prevention of psychoactive drug 



abuse. Program available for Apple II 
equipment, kinkos 
SUBSTANCE ABUSE DATA BASE 
Database containing contact informa- 
tion on substance abuse organizations. 
Program available for Apple II equip- 
ment. kinkos 

ZOOLOGY 

ZOOLOGY I 
Tutorial covering the general charactis- 
tics, structures, and functions that de- 
fine the major invertebrate phyla. Pro- 
gram available for Apple II and IBM- 
PC compatible equipment, sijwa 

HNTIiRPRISES, INC. 
ZOOLOGY H 
Tutorial covering physiology in the 
Phylum Chordata. Program available 
for Apple II and IBM-PC compatible 
equipment, suwa ErmiRPRisEs. inc. 

MISCE^ A EOUS 
BAFFLES, BAFFLES // 
Game to help students develop deduc- 
tive reasoning and problem solving 
skills. Program available for Apple II 
(BAFFLES) and IBM-PC compatible 
(BAFFLES II) equipment conduh* 

BASIC SCIENCES 
Self-assessment package covering 
anatomy, behavioral science, biochem- 
istry, microbiology, pathology, phar- 
macology, and physiology. Available 
for CP/M and IBM- PC compatible 
equipment, umkc software series 

CLASSIFY^CLASSIFICATION KEY 

PROGRAM 

Presents an unclassified set of char- 
acteristics and labels for classification 
at various levels. Program available for 
Apple II, TRS-80 Model III, IBM-PC, 
and Commodore 64/128 equipment. 

DIVERSIEIED EDUCATION ENTERPRISES 
GRADE KEEPER. PC 
Grade book manager that handles 
classes up to 3(X) students, up to 25 



grades per student. Program available 
for IBM-PC compatible equipment. 

OAKLEAF SYSTEMS 

GRADEBK 
Program for the analysis of a large set of 
grades. Program available for IBM-PC 
compatible equipment. Indiana 

liNIVERSmr SCHOOL OF MEDiaNE 
LABPLOT 
Allows the Apple II with any A/D con- 
vener card to be used as a multipen 
chart recorder or as an X/Y plotter. 

BIOSOFT (UK) 
LIFE TABLES AND THE LESLIE 
MATRIX 

Tutorial-simulation dealing with the 
basic life table and Leslie Matrix. Pro- 
gram available for Apple II equipment. 
coNDurr 

MALARIA 
Simulation of the effects of various 
types of malaria epidemic controls. 
Program available for Apple II, PET/ 
CBM, and TRS-80 Model III equip- 
ment. COMPUWARK 

MULTI^Q 
A general purpose question creation 
and presentation system. Program 
available for Apple II and IBM-PC 
compatible equipment. biosoft(uk) 

"g" EDUCA TIONAL AUTHORING 

SYSTEM 

Authoring system for tutorial and as- 
sessment material. Allows incorpora- 
tion of graphics and videodisc material. 
Program available for IBM-PC com- 
patible equipment. BiosoKr(inc) 
RATS 

Simulation of rat control in city or 
apartment by sanitation and various 
poisons. Program for Apple II, PET/ 
CBM. and TRS-80 Model III equip- 
ment. COMPUWARE 
STERL 

Simulation exploring effectiveness of 
pest conUiol metho<ls. Program avail- 
able for Apple II, PET/CBM, and TRS- 
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80 Model HI equipment, compuware 
TRACER AUTHORING SYSTEM 
Designed for facuUy use to develop di- 
agnostic case simulations in any branch 
of medicine. Available for IBM-PC 
compatible equipment, health 

SCIENCES CONSORTIUM 
TRIBBLES, TRIBBLES Revisited 
Simulation to introduce students to llie 
scientific method. Programs available 
for Apple II (Tribbles) and IBM-PC 
compatible (Tribbles revisited) equip- 
ment CON'DLTr 

VENDORS 

BIOSOFT (UK) 
22 Hills Road 

Cambridge CB2 UP, United Kingdom 

P.O. Box 580 
Milliown, NJ 08850 



Compuware 

15 Center Road 
Randolph, NJ 07869 
(201)366-8540 

CONDUIT 

The University of Iowa 
Oakdalc Campus 
Iowa City, lA 52242 
(319) 335-4100 

Diversified Education Enterprises 
725 Main Sireei 
Lafayeuc. IN 47901 
(317) 742^2690 

Indiana University School of Medicine 
Department of Physiology and Biophysics 
635Bamhill Drive 
Indianapolis, IN 46223 

Health Sciences Consortium 
201 Silver Cedar Com 



Chapel Hill, NC 27514 
(919) 942-8731 

KInko's Service Corporation 

4141 State Street 

Santa Barabara, CA 93110 

(800) 235-6919 

in CA (800)292-6640 

Oakleaf Systems 
P.O. Box 472 
Decorah,IA 52101 
(319)3824320 

Sliwa Enterprises, Inc« 
2360- J George Washington Hwy 
Yorktown, VA 23666 
(804) 898-8386 

UMKC Software Series 
2411 Holmes Street 
Kansas City, MO 64108-2792 
(816) 276-1891 



NRCLSE SOFTWARE EVALUATION 
SUBMISSION FORM 

The NRCLSE software evaluaUon program has been initialed (see October. 1988 CLSc) to promote development of high quality, 
versauleeducauonal software in the life sciences by providing authors with feedback from criUques by life science educators and 
instrucuonal designers. To ensure that software is reviewed in an appropriate fashion, it is essential that reviewers fully understand 
the rauonalc underlying the design criteria chosen by the author and the environment for which the software is mtendcu. Please pro- 
vide the following information concerning each software package to be evaluated. 

Submit 3 complete copies of the soft>vare and all supporting documentation along with $25 (to cover handling, mailing, and 
follow-up costs) to Software Evaluation Program, NRCLSE, P.O. Box 51187, Seattle, WA 981 IS. 



Author's name: 



Author's address: 



Title of software: Content area: 
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Minintuni hardware requiienients: 

Optimal hardware conflguration: 

Software requirements (operating system, etc): 

Student population for which software was written: 

Environment for which software is primarily intended (independent study, classroom discussion, lecture enhancement, etc): 
How long has this software been used by students? 
Can reviewers keep the review copy of this software? 

Use additional pages to describe the underlying philosophy of this software. What need prompted the development of this 
software? Why was the specific format of the software chosen? What goals did the input/output scheme (or screen desicn) 
address.' Is documentauon an integral part of the package? How is it intended to be used? 

Has the software been evaluated by students? 

Briefly describe the format and results of any student evaluation. 



What attempts have been made to evaluate the impact of the software on student progress? 



What were the results of the impact evaluation? 



ERIC 
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AIMS AND SCOPE ThegoeiofComputersinLifeScienceEducathni&lov^oyid^ 

life science «lucators who anticipate or arecunrcnily employing the computer as an educational 
tool. The range of content includes, but is not limited to. articles focusing on computer a^Jli- 
cations and their underlying philosophy, refwrts on faculiy/studcni experiences with computers 
in teaching environments, and software/liardware reviews in both basic science and clinical 
education settings. 



INVITATIO N TO CONTRIBUTORS Articles consistent with the goals cfComputers inLife Science Educalionare inviicd for possible 

publication in tlic newsletter. 

PREFAKATION AND SUBMISSION OK MATERIAL 

Articles submitted for publication should be typewritten, double spaced, with wide margins. The 
original and two copies including two sets of figures and tables should be sent to the Editc- 
Dr.HaroldModcU,NRCLSE,P.O.Box51187. Seattle, WA 98115-1187. 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper (Laser printer output is acccpUble). The lettering should be such 
that it can be legible after reduction (widtli of one colunm = 5.7 cm;. 

Reference style and form should follow the "number system with references alphabetized" 
described in the Council of Biology Edito.s Style Manual. References should be listed in 
alphabetical order by the first author's last name, numbered consecutively, and cited in llae text 
by these numbers. 

RESPONSIBILITY AND COPYRIGlfT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors 
submitting manuscripts will be sent a copyright transfer form to complete. The completed form 
must be returned before the work will be published. 
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This newsletter has been registered with the Copyright Clearance Center. Inc. Consent is given 
for copying of articles for personal or internal use, or for the personal or internal use of specific 
clients. This consent is given on tlie condition that the copier pay through tlic Center the pcr-copy 
fee stated in thecode on the first page for copying beyond that permitted by the US Copyright Law. 
If no code a^^ars on an article, the author has not given broad consent to JA>py and permission 
to copy must be obtained directly from the author. This consent does not extend to other kinds 
of copying, such as for general distribution, resale, advertising and promotional purposes, or for 
creating new collective works. 
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BIOLOGY COURSEWARE FOR 
COLLEGE FRESHMEN 

Charles Ralph 

Departmeni of Biology, Colorado State University, Ft. Colli^is, Colorado 



This article is an account of my use of 
computer software (courseware) in 
freshman biology courses and recent de- 
velc^ment of a large, uniform set of biol- 
ogy courseware. In the evolution of a 
format for employing computerized in- 
struction, I have formed some pragmatic 
views on courscwaie as instructional 
tools. There are interesting discrepancies 
between what is perceived as needed and 
what actually works. Additionally . there 
is considerable whimsy in the dispensing 
of accolades for and funding of course- 
ware development. 

If one asks college faculty what kind of 
courseware they would like to see devel- 
oped, chances are their response will be 
"simulations." If you ask college stu- 
dents what they find most interesting and 
useful, after they have experienced a few 
samples of courseware, they will most 
likely say **tulorials." Alperson and 
O'Neil have addressed this issue.^ 



My experience in seeking funding for 
courseware development suggests that 
tho<^ agencies dispensing such monies, 
both private and government, are having 
difficulty defining what ihey want to sec 
produced. There are shifting emphases 
and ephemeral interests* due undoubt- 
edly to not knowing what college level 
courseware really should be, for ihere are 
no well tested examples extant. My per- 
ception is that funded projects are com- 
monly ones that will result in a piece or a 
few pieces of comparatively spectacular 
looking software with little potential for 
widespread, practical use. 

The award and recognition organiza- 
tions, such as the commendable one of 
the EDUCOM consortium, likewise 
appear to commonly select items with 
much panache but smalt likelihood of 
being broadly disseminated. That is. a 
few pieces of courseware, scattered 
among various disciplines, are not likely 
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to fuel a revolution in instruction, no 
matter how good ihey are, for unless 
there is a critical mass of programs tiiat 
can be assembled to make a functional 
package, potential users arc unlikely to 
botlier tooling up to use tliem.^ 

What we are now witnessing is the trial- 
and-error f hase of a still relatively new 
revolution in educational technology. 
Our acceptance a.id use of this technoN 
ogy within colleges and universities has 
bcenraU erfumblingandisapp^'cpnately 
viewed internally with conservatism or 
evf»r* suspicion by many. Whil'i the busi- 
ness communKy has clearly articulated 
how compute s can serve them, educa- 
tors do not And it easy to voice any 
collective or majority opinion on what 
the role of computers might be in their 
domain. 

RATIOXALK 

In 1984, I became intrigued with the 
possibility of using courseware as (\ 
component of the laboratory with the 
freshman biology classes I was teaching. 
My basic assumptions or premises were 
the following. 

1) Much of the understanding of biol- 
ogy depends on grasping the com- 
plexities of physical structure or 
imagining submicroscopic, abstract 
events. The pictorial and animation 
capabilities of the computer screen 
should aid such comprehension. ^ 

2) Biological information grows ever 
more voluminous, and the time allo- 
cated for its study has not increased. 
Indeed, the alienated time has de- 
creased in most schools. *. nc poten- 
tial efficicncicsof compMler simula- 
tions of long-term events are evi- 
dent. In some cases, the computer 
can provide an active learning expe- 
r'^nce that addresses the same goals 
as tlie traditional student labora- 
tory.^ 

3) The cost of materials, equipment, 
and personnel are increasing, while 
the relative cost of computers (on a 
capability basis) is decreasing, so 



that use cf courseware is now, or 
soon will be, cost effective in in- 
struction. 

4) Increasing awareness • ■ ethical con- 
cerns about the uses ^1 iiiimals in 
student laboratories encoi'xage con- 
servation as well as concern about 
the preparedness of students to em- 
ploy animals. Appropriate course- 
ware can reduce some uses of ani- 
mals and better prepare the students 
for the occasions when they do use 
animals. 

HISTORY OF BICEP 
In January, 1985, 1 modified the labora- 
tory with my freshman biology class to 
incorporate a few proprietary courseware 
programs. ITiese were mounted on 
Apple //e computers. The fiv:*ilable ap- 
propriate courseware was liTiited, but I 
selected what appeared to be the best 
from some hUf dozen sources. The for- 
mat tliat developed over the nc ^ years 
was to have the 2-hour per week labora- 
tory be a mix of traditional, h?.ids-on 
exercises and courseware study. There 
were two students for each of 10 Apple 
computers (the //es were replaced by 
IIGSs with RGB monitors m the third 
year). On average, over u.c course of the 
semester, the students spent a x)ut half of 
their time on each two components. 
Rv^peated, anonymous questioning of the 
stu lenLs revealed a very favorable accep* 
tanc z of this mix. The design was tried 
with both the first and second semester 
biolC'gy courses, with a non-majors 
cour jeand with summer courses for high 
sciix)l teachers. In all cases, student 
ac^' eptance of the format was very posi- 
tive. 

By the third year, this design was well 
implemented, our courseware library 
consisted of 10 copies each of 43 titles. 
The project came to be known as BICEP 
for Biological Instruction Computer 
Enhanced Proja*t7 

The major problems with using an as- 
sortment of courseware from various 
providers are non-uniformity of the inter- 
faces, necessitating the use of documen- 



tation to know how to control each 
program^s unique features, and the inter- 
mixing of color and monochrome pro- 
grams; many of the monochrome pro- 
grams thr.t are not update^l are very diffi- 
culi to iw,ad Oil color monitors (especially 
composite video monitors^; switching 
between color and monochrome moni- 
tors is feasible if one has a dual set but is 
inconvenient. Additi'^nally. there is 
great variance in scholastic level. Many 
programs are designed to appeal to as 
wide an audience as possible (secondary 
to college), which sometimes results in 
some unusual mixes of cuteness and 
rather sophisticated information. Also 
the run times vary widely among pro- 
grams. Nevertheless, this phase of my 
explorations into computer-enhanced 
instruction was a necessary, useful, and 
encouraging beginning, ^t gave me valu- 
able insight and practical understanding 
about students as tliey relate to and inter- 
act with computers and courseware. In 
1988, through a grant from the Colorado 
Commission on Higher Education, we 
secured a set of 14 Macintosh Plus com- 
puters and began developing plans for 
creating, in-house, a set of courseware to 
exploit them. Subsequent donations 
from Apple Computer, Inc. have added to 
oui set of student computer bringing the 
laboratory set to 20. 

I became interested in the Macintosh as 
an instnictional computer the first time I 
saw one. Its crisp screen and graphics 
capability provided, for the fust time, a 
pictorial environment suitable for dis- 
playing the visual metaphors t'.at aid in 
understanding biology. I then began 
cast^ag about for a framework in whirh i.'^* 
create courseware for the Macintosh. 
While despairing of ever producing a sig- 
nificant set of products in my lifetime 
through coding, my attention was called 
to an early version of the on-screen, 
iconographic autlioring program tliat has 
come to be called Authorware. I recog- 
nised that this was the very tool I was 
seeking, for a non-programmer can cre- 
ate with it dynamic courseware at apace 
previously impossible. 
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Table !• Titles of biology courseware dcvelopca lo dale. 



BICEP COURSEWARE 
By the summer of 1988, 1 had resolved to 
produce, using the Aulhorwarc frame- 
work, a set of complementary course- 
ware for use in the freshman biology 
year. To date, therr, are 40 titles in the set, 
created over the past two years. These 
programs cover lopics typically taught in 
basic biology courses (see Table 1). 

What remains to be created are pro- 
grams in plant biology. These are to be 
done in the coming summer. Twelve 
titles will be added, bringing the total set 
^0 52. This number allows running two 
titles \ycv week in each of the 13 labora- 
tory sessions held in each of two semes- 
ters. 

The success of the project in creating so 
many programs in a remarkably brief 
time is largely uac to the efficiencies of 
creation w^th the iconographic authoring 
program aud the splendid creativity of 
the undergraduate students who authored 
most of ilie programs. I created one- 
fourth of the programs anu edited the 
remainder, but many of the best features 
of our programs must be credited lo the 
seven talented undergraduates who hB^e 
worked in the project. This statement 
may draw skepticism from some readers. 
(The use of undergraduate authors has 
been viewed with doubt by funding agen- 
cies, as I will note later.) Nevertheless, 
1 remain convinced that selected, well- 
trainod undergraduates can be tlie very 
bef-t hope for the production of cxnellent, 
fiinctional courseware in quantities ^'uffi- 
cient to be sigtiificaiu. Neither faculty 
nor graduate students are likely to be llie 
source of any great quantity of software 
very soon, due to the nature of our aca- 
demic awa.xJ structure and traditions. 

From the hundreds of students in intro- 
ductory biology, I encourai,o a few that 
are interested to enroll in my one credit 
applications course. This course for- 
merly used Appleworks with the Apple 
//es^ but I ^w uses Microsoft Works on 
the Macititoshs. The students prcxluce a 
paper on a biological topic as the final 
product, having teamed some interesting 
information on a subject and how to pres- 



BiochemisU7 
Cells 

Membrane Penneability 
Enzyme Kinetics 
Oxidation-Reduction 
ATP Synilicsis 
Photosyniliesis I 
Photosynthesis II 
Mitosis 
Meiosis 

Genetic Experiments 

Molecular Genetics 

Protein synthesis 

Viral and Bacterial Genetics 

Eukaryotic Gene Expression 

Genetic Engineering 

Microevolution 

Macroevolution 

Animal Reproduction 

Animal Development 



ent it in good form. At ihe next level, a 
one credit drawing, painting, and model- 
ing course, they learn the graphic capa- 
bilities of the Macintosh. Then a two 
credit authoring cou;*se instructs in the 
use of Authorwarc. From the latter class 
(usually six to eight studenls)» I select 
tiirce or four to be paid interns for the 
summer authoring project. Tlirough this 
sequence I identify the best candidates 
for the task. The prime factor to be 
selected for is creativity. Subject knowl- 
edge is essential, but secondary to crea- 
civity. 

The BICE programs have a run time of 
about 40 minutes. Typically there are 
four topic > plus a multiple choice quiz. 
The prog-ams are mainly tutorial, with 
generou'i used of graphics, animations, 
and a few sounds. The fourth topic 
commonly is a simulation. All programs 
have the same style and app^-'ance. 
Each has a pull-down glossary that de- 
fines the arcane words in tlie program. 
There is much student interaction, in- 
cluding cl'ck-and-drag arrangements, 
typing of responses to questions, and 



Adaptations 
Biomes 

Population Growth 
Communities 
Ecosystems 
Behavior 

Classification of Animals 
Invertebrates 
Chorda tes 
Animal Structure 
Digestive Enzymes 
Countercurrent Exchange 
Respiration 
Immune System 
Osmoregulation 
Kidney Function 
Hormotial Regulation 
Blood Glucose 
Neural Transmission 
Muscles 



selection of program sequences. 

UTILIZATION AND TESTING 
In the 1988-89 academic year, the 20 
programs then available were used by the 
students as optional sources of infonna- 
tion. A Macintosh facility was available 
for several hours daily for student to run 
the courseware. We asked them to report 
errors and complete an evaluation form 
on each program to help shape and im- 
prove the programs. 

In the fall of 1989, a formal test with 26 
of the programs was conducted. My 
lecture section of almost 200 students 
was subdivided by laboratory sections 
into half that did tiaditional two hour 
laboratory exercises and half thatraiitwo 
courseware programs in their assigned 
two hour periods. This design was ap- 
proved by the university's Human Re- 
search Committee, with the proviso that a 
student*s final grade would not be disad- 
vantaged by either set of conditions. The 
results of this matched-sample study, 
with pre- and post-test comparisons, as 
well as computer attitude surveys, are in 
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analysis and will be published at a later 
date. In brief, both groups of students did 
equally well on the Icctiirc examinations, 
and the courseware was viewed very 
favorably as a trade-off for traditional 
laboratories » 

In the present semester, with the second 
biology course, a format is being tried 
that I find very satisfactory so far. There 
are the customary three lectures per 
week, but the required two hour, weekly 
laboratory period is devoted to the run- 
ning of two relevant courseware pro- 
grams. A written quiz ij. administered by 
the supervising teaching assistant at the 
end of tlie session. Additionally, there is 
a one hour, weekly, optional practicum 
(no attendance check, no exams), in 
which most of the traditional laboratory 
activities are done. Only about half ilie 
students attend praciicums. Presumably, 
these self-selcctc^l students arc the better 
or more motivated on^*^. 

END NOTES 

Funding from within my university for 
BICEP has been generous and unwaver- 
ing, for which I am most grateful. Be- 
cause i am a sen i or f ac ulty mem ber, I was 
safely able to make a major investment in 
this project. As it became a consuming 
activity, I deliberately phased out of an 
established research career, to the dismay 
ofsomc of my colleagues. I have found 
the transition to a more teaching oriented 
career revitalizing and recommend it to 
others. However, anyone making a ma- 
jor commitment to implementing com- 
puter enhanced instruction should be in a 
position where such efforts do not require 
recognition for academic success. Most 
university communities, especially ones 
with a research emphasis, are not likely 
to regard courseware creation as a schol- 
arly activity.* 

There is considerable resistance to di- 
minishing the traditional student labora- 
tory experience. I undersumd the con- 
cerns of my colleagues in protecting this 
time honored activity, and I will never 



claim that computer programs can 
adequately replace real labc^tories. 
However, I view our educational di- 
lemma as one of how to optimally use 
limited time to educate a generally illiter- 
ate and ill prepared population of stu- 
dents in the intricacies of a complex sci- 
ence. My bias is toward exposure to the 
comparatively information rich environ- 
ment of courseware, even at the expense 
of laborato:y time. After all, for the 
successful student, the first year labora- 
tory wrll not be the last one — unless* 
tlierc is no second or subsequent year in 
science, which may well be the case if the 
student fails to leani a great deal in a brief 
lime. 

If one were to emulate tlie BICEP de- 
sign and attempt to obtain funding from 
external sources, the applicant should 
aware that tlie the use of undergraduates 
as courseware authors is likely to be 
regarded negatively. I have tried for 
three years to obtain funding from the 
U.S. Departn-ient of Education Fund for 
the Improvement of Postsecondary 
Education (FIPSE). I quote from their 
most recent rejection: "In your proposal, 
you describe plans for using undergradu- 
ate students to create new biology soft- 
ware ... . This could certainly be a valu- 
able learning experience for the students 
involved, and it may generate plenty of 
useable material. Although students can 
certainly play valuable roles in tasks such 
as programming or providing feedback, 
FIPSE stiiff is nevertlieless concerned 
that in thisproject, conceptual innovation 
and pedagogical sophistication would be 
limited by their lack of teaching experi- 
ence and disciplinary knowledge. FIPSE 
only wishes to support software develop- 
ment ... that will lead to curricular inno- 
vation." 

To the best of my knowledge, our 
courseware set is the most comprehen- 
sive for basic biology in existence. 
Teachers who have seen the programs 
usually commend them for attractive 
appearance, standardization of oper- 



ation, quality and quaJitily of graphics, 
and the high degree of student interac- 
tion. By making available a large pack- 
age of uniform, practical courseware ata 
reasonable cost, we hope to persuade 
others to incorporate computer enhanced 
instmciion in their basic biology courses. 

The form in which the courseware will 
be available and the costs for it should be 
decided by the end of the coming ^^um- 
mer. The programs require minimally a 
1 MB Macintosh Plus or a 640K IBM-PC 
equipped with a mouse. Those wishing 
to obtain samples of the programs should 
contact me at tlie following address: 
Charles L. Ralph, Department of Biol- 
ogy, Colorado Slate University, Ft. 
Collins, CO 80523. 
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WHERE ARE THE VIDEODISCS? 



Applications of interactive video in life 
science education continues lo grow. As 
the cost of the technology necessary to 
implement interactive video falls within 
the feasibility range of institutions and 
the interest in Hypermedia continues to 
grow, more educators are looking ''.^r 
sources of video images or interactive 
video courseware to use in their leaching 
efforts. Perhaps the best resource for 
Icaming what videodisc material is avail- 
able on the market is The Videodisc Com- 
pendiiun for Education and Training 
published by Emerging Technologies 
Consultants, Inc. The videodisc infor- 
mation that follows was drawn from that 
publication and it updates. Each entry in 
our listing includes the title, a brief over- 
view of the content, the vendor, and the 
vendor's telephone number. The Com- 
pendium contains a more detailed de- 
scription of themaierial. For information 
concerning the Compendium or for assis- 
tance in locating appropriate videodisc 
materiaK contact Richard PoUak, Emerg- 
ing Technology Consultants, Inc., P.O. 
Box 12444, St. Paul, MN 55112, tele- 
phone: (612)639-3973. 



ANATOMY AND PHYSIOLOGY 

Anatomy and Physiology of the Heart 24 
modules covering various aspects of 
nonnal and abnormal cardiac anatomy 
and physiology. Compatible with: IBM 
InfoWindow Vendor: British Colum- 
bia Institute of Technology 
(604) 432-8376 

Cardiovascular Lab Simulation Simula- 
tion of experiments in cardiovascular 
physiology. Covers experimental prep- 
aration, autonomic control, catdiac 
caiheteri/ation, positive pressure venti- 
lation, fibrillation, manometer experi- 
ments, ine normal and abnormal car- 
diac cycle, and euthanasia. Compatible 
with: IBM InfoWindow or MaU*ox 
VGO-AT overlay board; Pioneer LD- 
V4200 or LD-V6000 Vendor: Dr. 



Charles Branch, Auburn University 

(205) 844-5414 

Life Sciences Sides S-6; The Frog Contains 
anatomy and physiology of the ^ 'og as 
well as comparative human ajiatomy. 
Compatible with: Pioneer LDV-200O 
or 4200 Vendor: Optical Data Corpo- 
ration (800)524-2481 (201)668-0022 

The Living Textbook • The Frog Interac- 
tive MuitiMedIa Library Contains 
slides and movie clips covering all 
basic concepts in the anatomy and 
physiology of the frog as well as com- 
parative human anatomy. Compatible 
with: Pioneer LDV-2000 or 4200 
Vendor: Optical Data Corporation 
(800)524-2481 (201)668-0022 

Regulating Body Temperature (2nd Ed.)/ 
Digestive System (2nd Ed.) Deals with 
temperature regulation in vertebrates 
and the mechanical and chemical proc- 
esses of digestion. Compatible with: 
Any player Vendor: Encyclopaedia 
Briiannica Educational Corp. 
(800) 554-9862 Ext 6554 

Work of the Heart (2nd Ed.)/Mus€les: 
Structure and Function Animated foot- 
age illustrates the parts of the heart and 
how they relate to the work of the lungs, 
arteries and veins. Muscle portion deals 
with the three types of muscles. Com- 
patible with: Any player Vendor: En- 
cyclopacoia Britannica Educational 
Corp. (800) 554-9862 Ext 6554 

BIOLOGY. GENERAL 

Bio Scl Videodisc A visual presentation 
on ihebroadscopeof biology. Compat- 
ible with: Any player Vendor: Vide* 
odiscovery (800)548-3472 

(206) 285-5400 

Life Cycles Visual record in both motion 
picture and still frame images of how 
life begins. Compatible with: Any 
player Vendor: Videodiscovery 
(800) 548-3472 (206) 285-5400 

Life Science Biology I and II Deals wi^h 
effects of temperature and pressure on 
respiration rates of a series of organ - 
isms and examines the influence of cli- 
matic environments on the characteris- 
tics of plants and animals. Compatible 



with: IBM-PC; Honeer LDV-6000 sc- 
ries Vendor: GPN (800) 228-4630 
(402) 472-2007 

Life Science Sides 1-4: Molecular, Cell, 
Human, Plant and Animal Biology Pro- 
vides broad basic coverage of all topics 
in life science/biology. Compatible 
with: Pioneer LDV-2000 or 4020 
Vendor: Optical Data Corporation 
(800)524-2481 (201)668-0022 

The Bio LIbe Encyclopedia Contains 6000 
color frames of over 5000 plant and 
animal species accessible by Genus 
species names. Compatible with: Any 
player Vendor: Image Premastering 
Services, Ltd, (612)644-7802 

The Living Textbook - Life Science Inter- 
active MultlMedIa Library Contains 
more than 2,700 slides and 164 movie 
clips covering all basic concepts in life 
science/biology taught at the secondary 
and college levels. Compatible with: 
Apple IIGS or Macintosh; Pioneer 
LDV.2000 or 4200 Vendor: OpUcal 
Data Corporation (800) 524-2481 
(201)668-0022 

Relationships Covers relationships 
among organisms including parasites, 
colonies, social insects, predators, prey 
and competition. Compatible with: 
Any player Vendor: Ency iopacdia 
Britannica Educational Corp. 
(800)554-9862 Ext 6554 

BIOTECHNOLOGY 

Biotechnology: Learning the Techniques 
Step-by-step presentations of 33 stim- 
dard laboratory protocols. Compatible 
with: Any player Vendor: GPN (800) 
228-4630 (402)472-2007 

BOTANY 

Exotic Plants: A Videodisc Compendium 
Contains over 2,000 high quality color 
photographs of U*opical, subu*opical 
and otiier e>otic plants. Compatible 
with: Any player Vendor: VT Produc- 
tions (408)438-3100 

Landscape Plants Over 7,400 views of 
over 900 species or varieties of culti- 
vated woody plants. Compatible with: 
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Any player Vendor: Vidcodiscovcry 
(800) 548-3472 (206)285-5400 
Pollination Biology D(x:umentary dealing 
with all facets of flower pollination. 
Compatible mth: Any player Vendor: 
Videodiscovcry (800) 548-3472 
(206) 285-5400 

CELL BIOLOGY 

Cell Biology h Motion and Function of the 
Living Cell Includes film sequences and 
still images covering cell types, cell 
constituents, mitosis and cytokinesis, 
fission aiid cell mctUi'.y, 
Compatible with: \ player 
Vendor: Vidcodiscovcry 
(800)548-3472 (206)285-5400 

MelosLs(2nd Ed)/MltosIs(2nd Ed) Micm- 
scopic footage and animation dealing 
with the processes of meiosis and mito- 
sis. Compatible with: Any player 
Vendor: Encyclopaedia Britannica 
Educational Corp. 
(800) 554-9862 Ext 6554 

CLINICAL MEDICINE 

Abdominal Stab Wound'; Simulation 
designed lo teach the initial assessment 
process. Compatible with: IBM In- 
foWii •.♦ow; any player Vendor: intel- 
ligent Images (800)733-1010 
(619) 457-5505 

Active Knee Series A library of programs 
examining the diagnosis of knee inju- 
ries by any person who is first to re- 
spond. Compatible with: IBM InfoW- 
indow, Sony and other players Vendor: 
The Alive Centers of America, Inc. 
(216) 869^9623 

American Heart A.ssociation: Airway 
Management Basic non-invasive and 
specialized invasive procedures of air- 
way management. Compatible with: 
AHA CPR/ACLS Learning System 
Vendor: Acironics, Inc. 
(80O) 851-3780 (412)231-6200 

American Heart Association'* Arrh)1hmla 
Recognition Material from American 
Heart Association ACLS lcxt» ECG 
lessons, ECG static and dynamic ex- 
amples. Compatible with: AHACPR/ 
ACLS Learning System 
Vendor: Acironics, Inc. 
(800) 85 1 -3780 (412)231 -6200 

American Heart Association: Cardiopul- 



monary Res^ascltatlon Teaches and tesLs 
in CPR and Basic Life Support Com- 
patible with: AHA CPR/ACLS Learn- 
ing System Vendor: Acironics, Inc. 
(800)851-3780 (412)231-6200 

American Heart Assoclattotv: Circulatory 
Adjuncts aud Resuscitation Phamacol* 
ogy Teaches basic techniques of start- 
ing I Vs, patient defibrillation and cardi- 
oversion, and external and transvenous 
pacin. Compatible with: AHA CPR/ 
ACLS Learning System 
Vendor: Acironics, Inc. 
(800) 851-3780 (412) 231-6200 

American Heart Association: Megacode 
Trains individuals in organizing and 
managing cardiac emergencies through 
simulations. Compatible with: AHA 
CPR/ACLS Learning System 
Vendor: Acironics, Inc. 
(800) 851-3780 (412) 231-6200 

A Patient with Diarrhea and Vomiting 
Presents a patient in the emergency 
department witJi flu-like complaints of 
vomiting and diarrhea. Compatible 
with: IBM InfoWindow; any RS-232 
player Vendor: Intelligent Images 
(800) 733-1010 (619)457-5505 

Auscultation of Normal Breath Sounds 
Reviews standard procedures toauscul- 
tate the posterior and anterior chest, 
patient positions, breathing techniques 
and stethoscope placement It also 
reviews intT*'.;horacic dynamics and the 
physical dynamics of chest tubes. 
Compatible with: IBM InfoWindow; 
any player Vendor: Intelligent Images 
(800) 733-1010 (619)457-5505 

Balancing for Diabetic Control Designed 
to teach students principles of diabetic 
miuiagcment Two case studies are 
presented. Compatible with: IBM-PC 
compatible and Pioneer LDV-6000 
series ^^e/it/or; Stewart Publishing, Inc. 
(703) 354-8155 

Cardiovascular Resourcesi Videodisc 
Contains a large collection of materials 
that may be used to teach cardiovascu- 
lar nursing and medicine. Compatible 
with: any player Vendor: University c'' 
Washington (206)545-1186 

Care Basics for Nursing Assistants Intro- 
ductory course to meet training needs of 
nursing assistants working in longlcrm 
care. Compatible with: IBM InfoWin- 
dow or PTS Pio-Vision systems. On- 
line GL512, VAL Vendor: Profes^ 



sional Training Systems, Inc. 
(404) 872-9700 

Chest Trauma Presents a patient with 
rej?piratory distress and hyix)volemic 
shock resulting from nuilliple injuries 
sustained in a car accident, Compatible 
with: IBM InfoWindow; any player 
Vendor: Intelligent Images 
(800)733-1010 (619)457-5505 

Dysrhythmia Training and Evaluation 
Designed U) train students in clecuocar- 
diogiaphy with a focus on dysrhythmia 
recognition. Compatible with: IBM 
InfoWindow, Sony VIEW 5000, Vis- 
age System, FITNE Worksuuion, Ma- 
trox Vendor: Training Infonnation 
Centers, Inc. (403) 462-6365 

Emergency Simulation designed for 
paramedics, emergency medical tech- 
nicians, emergency physicians, nurses, 
and others with a background in emer- 
gency training. Compatible with: IBM 
InfoWindow, Sony VIEW 5000, Vis- 
age System, FITNE Workstation, Ma- 
trox Vendor: Training Infonnation 
Centers Inc. (403)462-6365 

Emergency Cardiac Maneuvers: A 
Rescuer's Handbook Covers general 
information, anatomy and physiology, 
rhythm problems, and rescue maneu- 
vers. Compatible with: any player 

Vendor: The Alive Centers of America, 
Inc. (216)869-9623 

Estrogen Replacement Therapy Covers 
the reasons for the therapy, details on 
the therapy, medical evaluation proce- 
dures, and the side effects and risks of 
using this liierapy. Compatible with: 
IBM InfoWindow Vendor: TheAUve 
Centers of America, Inc. 
(216) 869-9623 

Health History/Physical Exam of the Dia- 
betic Clinical simulation Tjllowed by 
an examination. Compatible with: 
IBM-PC, Pioneer LDV-6000 Series 
Vendor: Stewart Publishing, Inc. 
(703) 354-8155 

Initial A.sse.ssment of Respiratory Dini- 
culty Pre^cnis a patient involved in a 
rnoior vehicle accident. Compatible 
with: IBM InfoWindow; any player 
Vendor: Intelligent Images 
(800)733-1010 (619) 457-5505 

Intravenous Therapy Teaches intrave- 
nous therapy principles and techniques. 
Compatible with: FITNE Interactive 
System or IBM InfoWindow Vendor: 
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Fiikl Insuiulc for Technology in Nois- 
ing Educalion (614) 592-2511 

IV Thcrupy/IV Solutions Reviews overall 
goals of IV Uicrapy and the major tyixvs 
of IV solutions. Compatible with: IBM 
InfoWnulow; any player Vendor: 
Inielligent Images (800) 733-1010 
(619) 457-5505 

Miinaging the ExptTience of Labor and 

Delivery Sinuilaie^s nonnal lalx)r and 
delivery process beginning v*uh atljnit- 
tiUice to ihc hospital of llie laboring 
patient and her husband* Comfxitible 
with: IBM Info Window Vendor: 
ILallh Sciences Consortium 
(919) 942-8731 

Mechanical Ventilators Provides brief 
overview of 10 mechanical veniilaiors 
Compatible with: IBM InfoWindow, 
Sony VIEW, Visage System, FITNE 
Workstation, Matrox Vendor: Train- 
ing Information Centers, Inc, 
(403) 462-6365 

Motor Vehicle Trauma Simulation lakes 
place in an emergency department, 
beginning with admi'' ion ofa multiple 
trauma patient in hypovolemic shock. 
Compatible with: IBM InfoWindow; 
any player Vendor: Intelligent Images 
(800) 733-1010 (619)457-5505 

Nursing Care of the Elderly Patient with 
COPD A case study simulation alwut a 
73-year old m:\n with COPD and pneu- 
monia. Compatible with: IBM InfoW- 
indow, FITNE, Sony VIEW, Visage 
Vendor: American Journal of Nursing 
(800)223-2282 (212)582-8820X541 

Nursing of the Cancer Patient with Com- 
promised Immunity: The Nursing Pnn:- 
ess Simulates the five steps in rhe nurs - 
ing process, Compatible with: IBM 
InfoWindow Vendor: Hc-iilth Sciences 
Consortium (919)942.8731 

Obstetrics Simulation of the delivery of 
a baby in a rural community hospital. 
Comp^.tible with: IBM InfoWindow, 
Sony VIEW 5000, V-vr.gc System, 
FITNE Workstation, Matrox Vendor: 
Training Information Centers, Inc. 
(403) 462-6365 

Premenstrual Syndrome: A Clinical 
Manual Covers various arer.s of PMS 
from diagnosis and examination to diet 
and various drug therapies to assist in 
coping with it. Compatible with: Any 
player Vendor: The Alive Centers of 
America. Inc. (2 1 6) 869-9623 



Prevention of ;Jecupatlonal Expcie^urc to 
the AIDS Virus Explains c^^usc of 
AIDS, how MIV is transmittexl, iuul 
how he^illh care workers should protect 
tlienisclvcs from exposure to the virus. 
Compatible with: IBM InfoWindow or 
PTS Pro-Vision systems. Online 
GL512, VAl- Vendor: Professional 
Training Systems, Inc. (404) 872-0 700 

Sliotgun Wounds to the Abdomen l^es- 
ents opportunity to assess and manage a 
{xuicnt Willi shotgun wounds to (lie 
abdomen. Compatible with: IBM In- 
foWindow; any player Vemior: Intel- 
hgem Images (800)733-1010 
(619) 457-5505 

Sterile Technique at the Bedside Instnicts 
hcalih-carc profe^ssionals in tlic steps 
for preparinfj und applying dressings 
;uid maintaining sterile techniques in 
patient vaie. Compatible with: Sony 
LDP-1000, l(X)OA or 2000 Vendor: 
Access Network (800) 352-8293 
(403)256-1100 

Urinary Catheterization Instructs he^lth- 
C5»rc professionals in tl)e prcpanttion of 
the patient and the tray and proper 
catheterization techniques. Compat- 
ible with: Sony LDP-1000, lOOOA or 
2(XX) Vendor: Access Network (800) 
352-8293 (403)256-1100 

HKALTH SCIENCE 

AIDS - Ai. Educational Prugrum Provides 
the essential facis about AIDS and how 
to avoid contracting the disease. Com- 
patible with: IBM InfoWindow 
Vendor: Health Edutech, Inc. 
(612) 881-1926 

The Birth Disc A visual datal^asc wi!ii 
over 9,000 images of childbirth from 
hospitals, birth centers, and home envi- 
ronments. Compatible with: Any 
player Vendor: Image Premastering 
Services, Ltd. (612) 644-7802 

Honnonai Contraceptions: Pills, Injec- 
tions and Implants Covers various as- 
pects of hormonal contraceptives 
Compatible with: Any player Vendor: 
The Alive Centers of America, Inc. 
(216) 869-9623 

Infection Control Provides basic infor- 
mation on how an infection is transmit- 
ted* how toisolate an infection, and how 
to prevent an infection from spreading. 
Compatible with: IBM InfoWindow or 



PTS Pro- Vision systems; Oniino 
GL5I2,VAL Vendor: HealUi Edutech, 
Inc. (612)831-0445 

Slice of Life III Over 26,(XX) still itnages 
drawn from viirious areas of me<iicine. 
dentistry and allic^l ho^tUh education. 
Compatible with: IBM, Macintosh; 
Any player Vendor: University of 
Utah (801)581-8052 

STD: Sexually Traivsmltted Diseases In- 
formation Pnigram Provides the facts 
about llie eight most common sexually 
transmitted diseases. Compatible with: 
IBM InfoWindow 
Vendor: Hc;ilth Edutech, Inc. 
(612) 831-0445 

HEMATOLOGY 

Basic Hematology Tutorial, drill and 
practice, and simulation program that 
utilizes the "Medical Applications 
Videcxlisc: Hematology 2nd Ed. (Uni- 
versity of Washington) Compatible 
with: IBM InfoWindow, Sony ViEW 
5000, Visage System. FITNE Worksta- 
tion, Matrox Vendor: Training Infor- 
mation Centers Inc. (403) 462-6365 

Introduction to Case Studies In 

Hematology A scries of 20 case studies 
designed to acquaint students with ba- 
sic problem-.solving techniques involv- 
ing cell identification and clinical cor- 
relations Computible with: Mac in* 
to.sh; Pioneer or Sony player 
Vendor: Edudisc, Inc (615) 373-2506 

Laboratory Medicine Video Library: At- 
las of Hematology Contains over 6AX)0 
images fonning a compreheasivo li- 
brary of hematologic findings which 
can be used for education, testing ;md 
reference. Compatible with: Any 
player Vefuior: University of Wash- 
ington (206) 545-1186 

Medical Applications Videodisc: Hema- 
toloi*y, 2nd Edition Contiuns the entire 
American ScKicty of Hematology mor- 
phology collection, the World He;Uih 
Organization International Histologic 
Classification of Tumors, frames from 
the Wcstcm Universities' Physical 
Diagnosis Slide Bank, and extensive 
mori)hological study of acute leuke* 
mias, tind the film ''Red Cell Shapes" 
Compatible with: Any player 
Vendor: University of Washington 
(206)545-1186 
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PATHOLOGY AND 
PATHOPHYSIOLOGY 

Acute Leukemia Morphology II Contains 
numerous exemplary peripheral blood 
smears, bone marrows and special 
stains for instruction and reference in 
the differentiation of acute Icukemias. 
Compatible with: Any player 
Vendor: University of Washington 
(206) 545-1186 

Cardiology Series A 12 disc course de- 
signed to develop in a logical way the 
consequences following the creation or 
establishment of heart defects. Com- 
patible with: IBM InfoWindow, Sony 
VIEW 5000, Visage System, FITNE 
Workstation, Matrox Vendor: Train- 
ing Infomiation Centers, Inc. 
(403) 462-6365 

Disorders of the Nervous System: 

Mentation Six patients are shown who 
demonstrate a variety of disorders of 
mentation. Compatible with: Any 
player V(?ncfcr. University of Washing- 
ton (206)545-1186 
Disorders of the Nervous System: Motor 



A compilation of material from a 'Vis- 
ual glossary" collection of neurological 
dysfunction. Compatible with: Any 
player Vendor: University of Wash- 
ington (206)545-1186 

International Veterinary Pathology Slide 
Banl;, Ed. 4 Contains still frames of 
lesions from domestic, laboratory and 
wild animals from contributors in the 
U.S.,Canada, and Europe. Compatible 
with: IBM-PC; Pioneer LDV-4200 
Vendor: University of Georgia 
(.104) 542-5837 

Management of Heart Failure Covers the 
definitions and causes of heart failure, 
die signs and symptoms, pathophysiol- 
ogy and therapy. Compatible with: 
Any player Vendor: The Alive Centers 
of America, Inc. (216) 869-9623 

Pathophysiology of Shoclc^athophysioN 
ogy of Cardiac Tamponade Looks at 
physiologic effects of shock and the 
bmly's compensatory responses to the 
syndrome. Provides 3 cases that dem- 
onstrate how cardiac tamponade pres- 
ents itself and when to suspect tampo- 
nade. Compatible with: IBM InfoW- 



indow; any RS-232 player Vendor: 
Intelligent Images (800) 733-1010 
(619) 457-5505 

WILDLIFE MANAGEMENT 

Yellowstone in Winter Provides insight 
into the work of Yellowstone's rangers 
in their management of wildlife. Com- 
patible with: Any player Vendor: 
Encyclopaedia Britannica Educational 
Corp. (800)554-9862 Ext 6554 

ZOOLOGY 

Encyclopedia of Animals Eight discs 
covering mammals, birds, reptiles, in- 
sects, and marine life. Compatible 
with: Any player Vendor: Pioneer 
LDCA,Inc. (213)835-6177 

Whales Motion footage and still pictures 
to take students into the underwater 
world of wliales. Compatible with: 
Pioneer LDV-6(XX) series Level II, Any 
player Level 1 Vendor: National 
Geographic (800)368-2728 
(301)921-1330 



SLBSCRIPTION INFORMATION Computers in Life Science Education is published monthly by National Resource for Computers 

in Life Science Education, P.O. Box 5 11 87. Seattle, WA 98 1 1 5 - 11 87. Subscription rate is $40.00 
for 12 issues, including postage and handling in the United Stales, Canada, and Mexico. Add 
$20.00 for postage (airmail) in Europe and South America and $23.00 for tlic rest of the world. 

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given 
for copying of article.'; for personal or internal use, or for the personal or internal use of specific 
clients. This consent is given on the condition that the copier pay tluough the Center pcr-copy 
fee stated in the code on tlie firstpage for copying beyond thatpcrmillod by the US Copyright Law. 
If no code appears on an article, tlie author has not given broad consent to copy and pcnnission 
to copy mast be obtained directly from the author. This consent does not extend to oilier kinds 
of copying, such as for general distribution, resale, advertising and promotional purposes, or for 
creating new collective works. 

Address orders, changes of address, and claims for missing issues to NKCLSE, P.O. Box 51187, 
Seattle, WA 98115- 1 187. Claims for missing issues can be honored only up to three months for 
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to 
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KEEPING ABREAST OF THE 
LITERATURE 



Tile following citations arc presented as 
part of a quarterly feature in CLSE de- 
signed to help readers become aware of 
current literature pertinent to computer 
applications in life science education. 

Bergeron BPetal: Clinicai skill-building 
simulations in cardiology: HeartLab 
and EkgLab. Comput Methods Pro- 
grams Biomcd 30(2-3):! 1 1-126, 
1989. 

Booth AG et al: The microcomputer in 
biomedical education. Progress in 
Medicinal Chemistry 26:323-354, 
1989. 

Canelos J et al: The effect of embedded 
learning strategies in microcomputer- 
based instruction. Journal of Experi- 
mental Education 57(4):301-318, 
1989. 

Chin HL et al: Case-based tutoring from 
a medical knowledge base. Comput 
MetJiods Programs Biomed 30(2- 
3): 185-198, 1989. 

de La Passardicrc B: CAL and tools for 



the instructor- user (The features of 
SPELEO). Computers and Education 
13(3):313.318, 1989. 

Faiola T: Improving courseware devel- 
opment efficiency: The effects of au- 
thoring systems on team roles and 
communication. Educational Tech- 
nology 29(8): 16- 19, 1989. 

Franklin C et al: Two approaches to 
hypertext: Mapping hypertext struc- 
tures with ArchiText [and] Hypertext 
on the PC: Guide, Version 2.0. Data- 
base 12(4):50-66, 1989. 

Friedman CP et al: Computer databases 
as an educational tool in the ba.sic sci- 
ences. Academic Medicine 65(1): 15- 
16, 1990. 

Frissc ME: The case for hypermedia. 
Academic Medicine 65( 1 ): 17- 1 9, 
1990. 

Goodstein RK: Down-to-earth medical 
education. New Jersey Medicine 
86(9):709-71 1,1989. 

Grabe M etal: An evaluation of computer 
assisted study in controlled and free 
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access settings. Journal of Computer- 
Based Instruction 16(3): 110-1 16, 
1989. 

Grabinger RS: Screen layout design: 
Research into the overall appearance 
of the screen. Computers in Human 
Behavior 5(3): 175-183. 1989. 

Grabinger RS et al: The effectiveness of 
internally-generated feedback with an 
instructional expert system. Journal 
of Educational Comp iting Research 
5(3):299-309. 1989. 

Hall W etal: Using HyperCard and inter- 
active video in education: An applica- 
tion in cell biology. Educational and 
Training Technology International 
26(3):207-14. 1989. 

Hannafin M et al: An integrated frame- 
work for CBI screen design and lay- 
out. Computers in Human Behavior 
5(3):155-165. 1989. 

Hounshell PB et al: The microcomputer 
and achievement and attitudes in high 
school biology. Journal of Research 
in Science Teaching 26(6):543-549, 
1989. 

Hulse SF: Is computer assisted instruc- 
tion for you? Radiol Technol 
61(3):227-229, 1990. 

Jonassen DH: Functions, applications, 
and design guidelines for multiple 
window environments. Computer in 
Human Behavior5(3):185.194, 1989. 



The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultivate col- 
laborative efforts among life science 
faculty interested in using the computer 
as a teaching tool. 

The listing that follows is updated from 
the 1 988-89 directory and was drawn pri- 
marily from respondents to question- 
naires printed in CLSE (see page 8 in the 
January CLSE). It is intended to help 
readers identify colleagues with common 
interest areas. 



Koslowsky Met al: Students' computer 
activity as a function of prior experi- 
ence. Educational Technology 
29(9):44-46, 1989. 

Mercer J et al: The laser videodisc for 
interactive CAL in pathology. Com- 
puters and Education 13(3):245-250, 
1989. 

Morrison GR et al: Learner preferences 
for varying screen densities using re- 
alistic stimulus materials with single 
and multiple designs. Educational 
Technology, Research and Develop- 
ment 37(3):53-60, 1989. 

Morrison GR et al: Implications for tlie 
design of computer-based instruction 
screens. Computers in Human Be- 
havior 5(3):167-173, 1989. 

Neuman D: Naturalistic inquiry and 
computer-based instruction: ration- 
ale, procedures, and potential. Educa- 
tional Technology, Research and De- 
velopment 37(3):39-51, 1989. 

Paz N et al: Using graphical study trees to 
present HELP knowledge. Micro- 
computers for Information Manage- 
ment 6(1):47-67,1989. 

Ranzijn FJA: The effect of the superordi- 
nate concept and presentation form of 
examples on concept learning. Com- 
puters in Human Behavior 5(2):95- 
105, 1989. 

Roid GH: Item writing and item banking 



Th-* ngs are arranged by the content 
areas i antified in response to the ques- 
tion, "What content areas do you teach?" 
As a result, entries may appear under 
more than en-? heading. 

Although every attempt has been made 
to ensure tljat the information is current 
and correct, it is likely that some errors 
appear in this list. We apologize in ad- 
vance for any inconveniences that may 
arise due to such oversights. Part 2 of the 
directory will appear next month. 

If you are aware of other colleagues that 



by microcomputer: An update. Edu- 
cational Measurement: Issues and 
Practice 8(3): 17-20, 1989. 
Slotnick RS: Computer enhanced prob- 
lem solving skill acquisition. Colle- 
giate Microcomputer 7(3): 193-202. 
1989. 

Stevens RH et al: Evaluating preclinical 
medical students by using computer- 
based problem -solving examinations. 
Academic Medicine 64(1 1):685-687, 
1989. 

Texley, J: New technologies expand sci- 
ence curriculum and classroom into 
new frontiers. NASSP Bulletin 
73(519):1 1-15, 1989. 

Vockell EL: Group size for computer- 
ized instruction. Educational Tech- 
nology 29(9):30-32, 1989. 

Ward TJJr etal: The effects of computer- 
ized tests on the perfonnance and atti- 
tudes of college students. Journal of 
Educational Computing Research 
5(3):327-333, 1989. 

Whiting J: An evaluation of some com- 
mon CAL and CBT authoring styles. 
Educational and Training Technol- 
ogy International 26(3): 186-200. 
1989. 

Xakellis GC et al: Evaluation by second- 
year medical students of their com- 
puter-aided instruction. Academic 
Medicine 65(l):23-26, 1990. 



- PART 1 

should be listed, please encourage them 
to return Uie questionnaire that appeared 
on page 8 of the January issue of CLSE, 
or send their names, addresses, phone 
numbers, BITNET addresses, and teach • 
ing content areas to: 

NRCLSE 
P.O. Box 51187 
Seattle, WA 981 15-1187 

or let us know via BITNET. NRCLSE's 
BITNET address is MODELL@ 
UWALOCKE. 
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AGRONOMY 

ARNESON. PHU-A 

DEKr OI- PLANT PATHOIXXjY 

CORNELL UNIV 

334 PLANT SCI BLDG 

ITHACA. NY 14853 

(607) 255-7871 

DAVIS, THOMAS M 

DKPrs OF PLANT SaKNCE AND 

GENETICS 
UNIV OF NEW liAMPSJURE 
DURHAM, NH 03824 
(603) 862-3217 

KSTES. GEORGE O 
DKPT OF PLANl^ SCIENCE 
UNIV OK NEW HAMPSHIRE 
DURHAM. NH 03824 
(603) 862-3220 

HEI^EU ZANE R 
DEPT OF AGRONOMY 
UNIV OF MlSSOLm 
214 WATTiRS HAU. 
COLUMBU. MO 65211 
(314) 882>2001 

ANATOMY 

ADAMS. DON 

DEPT OF VET ANATOMY 

IOWA STATE UNIV 

AMES, lA 50011 

(515)294-7710 

AROGYASAMl. JOSEPHINTi 
DEPT OF BIOLOGY 
WESTMAK COLLEGE 
LEMARS, U5 )31 
(712) 546-7081 

BASHOR, DAVID P 
DEPT OF BIOLOGY 
UNIV N CAROUNA- 

CIL\RLOTrE 
aiARLOmi. NC 2^223 
(704) 597-4047 

BAURJOHNM 
DEPT OF' BIOLOGY 
BRESOA COIIiiGE 
120 WEST SEVHNIH ST 
OWENSBORO. KY 42301 
(502) 685-3131 EXT 276 

BEU.MER. SISTER EIJZAHFrm 
TRINITY COLI JiGK 
WASHINGTON. DC 20017 
(202) 939-5190 

BERGQUIST. BART 
DEPT OF BIOLOGY 
UNIV NORTILHRN IOWA 
CEDAR FALLS, LA 50614 
(319) 273-2723 

BROWN, IJiS 

DEPT OF NATURAL SCn\NCES 
GARDNER- WEBB COLLIXjE 
BOnJNG SPRINGS. NC 28017 
(704) 434-2361 EXT 247 

BUSHBY. PHILIP A 
COUJiGE OF VEi MHDIHNE 
DRAWER V 

MISS STATE UNIV. MS 39762 
(601) 325-1127 



CARITHERS, JANINE 
DKPT OF VET ANATOMY 
IOWA STATE UNIV 
AMES, lA 50011 
(515) 294-7875 

DICTONSON. WINIFRED 
DHFV OF BIOLOGY 
U OF STEUBFJSVILLE 
STEUBENVILLE. OH 43952 
(614) 283-3771 

DRUECTCER, JAY DEE 
CHADRON STATE COU-EOE 
CIUDRON. NE 69337 
(308) 432-6298 

DUOOAN. ELEANOR L 
BIOLOGY DEPr 
UNTV NC - GREENSBORO 
RCX)M 309, EBERHART BLDG 
GREENSBORO, NC 27412-5001 
(919) 379-5839 

ELDER. DR BIHTY 
DEPT OF BIOIXXjY 
GEORGIA SOUTHWESTCRN 

COLLEGE 
AMERICUS.GA 31709 
(912) 928-1250 

FKRNER. JOHN W 
DEPT OF B101XX5Y 
THOMAS MORE COLLEGE 
CRES TVTEW HILLS. KY 41017 
(606) 344-3374 

FTNTCHm*EIN. MICHAEL 
DEPT OF ORAL PAraoIX)GY 
COLLEGE OF DENIISTRY 
UNIV OF IOWA 
IOWA CTTY. lA 52242 
(319) 353-7370 

FREED. JAMES M 
DEPT OF ZOOLOGY 
OHIO WliSLEYAN L'NIV 
DEIAWARE. OH 43015 
(614) 369-4431 EXT 400 

GOOCH. VAN D 
DEPT OF SCI & MATH 
L^NIV OFMINNI-SOTA 
MORRIS. MN 56267 
(612) 589-2211 

GWINN. JOHN F 
DEPT OF BIOLOGY 
IWIWRSn Y OF AKRON 
AKRON, OH 44325 
(216) 375-7160 

GWYN. DG 

DEPT OF ANATOMY 

DAUIOUSIE UNIV 

IIAUFAX.NSB3H4H7 

CANADA 

(902) 424-2051 

HI:RR0N. MARY A 

BIOMI-D IJiARNING RES CTR 

COUitGE OF VFT MEDICLM: 

TIiXAS A&M UNIV 

COU J-GE SI AV ON. TX T7843 

(409) 845-1780 

inU.L\RD. STFiPHHN 



DEPT OF BI0IXX3Y 
BALDWIN-WAIiACE COLL 
BEREA. OH 44017 
(216) 826-2265 

HOUSE. EDWIN W 
DEPT OF BIOLOGY 
IDAHO STATE UNIV 
PO BOX 8007 
POCATELLO. ID 83209 
(208) 236-3765 

HOUSE. DR HERBERl W 
ELON COLLEGE 
BOX 2270 

ELON COU.EGE. NC 27244-2010 
(919) 584-5359 

JON'ES. NflCHAEL E 
DEPTS OFANAT&HIST 
FLINDERS UNIV OF SOUTH 

AUSTRAUA 
SCHCX)L OF MEDICINE 
BEDFORD PARK. 
AUSTRAUA 5W2 

KEETE. J RICHARD 

DEPT OF ANATOMY 

CASE WESTERN RE>SERVE UNIV 

CLEVELAND. OH 44106 

(216) 368-2656 

MEYERS. PAUL E 
DEPT OF BI01XX)ICAL CHEMIS- 
TRY & STRUCTURE 
THE CHICAGO MED SQiOOL 
3333 GREEN BAY RD 
NORTH CHICAGO. B, 60064 
(312) 578-3000 EXT 458 

MICKUS. JOHN 

DEPr OF BIOIXXjY 

n.UNOlS BENEDICTINE COLL 

5700 COIXEOE ROAD 

USLE, IL 60532-0900 

(312) 960-1500 EXT 509 

MILLER. TAMES S 
BIOLOGY DEPT 
GOSHEN C0L.1J:GE 
GOSHEN. IN 46526 
(219) 535-7308 

POSEY. AlAN F 
BIOLOGY DEPr 
UNIV OF ARKANSAS AT 

PINT: BLUFT 
NORTH UNTV AVE 
PINE BLUFF. AR 71601 
(501) 541-6880 

RALSTON. lU 

DEPT OF ANATOMY S-1334 
UNIV CALIFORNU. SAN 

FRANCISCO 
3RD & PARNASSUS AVIiS 
SAN FRANaSCO. CA 94143 
(415) 476-1861 

ROBBINS. HERBERT C 
DAUAS BAimST UNIV 
T7T7 WEST KIEST Bl 'T> 
DAIJJVS TX 75211-9800 
(^14) 333-5302 

SINNAMON. WALT 
CENTRAL WESIiiYAN COLL 



BOX 443 

CENTRAL, SC 29630 
(803)639-2453 EXT 356 

SMAIX. JAMl^S W 
DEPT OF BIOIXXIY 
ROIJJNS COLLEGE 
BOX 2643 

WINTER PARK. FL 32789 
(305) 646-2433 

SPRAGUE, RUni M 
DEPTS OF ANATOMY & 

^a•UROBIOLOGY 
UNIV OF Vr COU. OF MED 
GIVEN BLDG 
BURLINGTON. VF 05405 
(802) 656-0416 

WAU.. KATHLEEN 
IfUSSON COUiiGE 
BANGOR. ME 04401 
(207) 947-1121 

WILHELM, DALLAS 
DEPT OF BIOLOGY 
IL\STINGS CX)UJ:GE 
HASTINGS. NE 68901 
(402) 461-7382 

wnjJAMS.AI^ERTA 
BIOLOGY DEFl 
MANCHESTER COUJ-GE 
NORTH KtANClIESTER. IN * i >62 
(219) 982-5308 

WILLL\MS. STANIJ^Y C 
DEPT OF BIOL SCIENCES 
SAN F'RANCISCO STATE LTsTV 
1600HOUJ0WAY AVE 
SAN F'RANCISCO. CA 94132 

WILSON. MARLENEMOORH 
\mw OF PORTIAND 
5000 N WILLAMETIl: BLVD 
PORTIANT). OR 97203 
(503) 283-7123 

ZFITTER. SIBRLEY 
DAVENPORT C0U>:GE 
415 EAST FUl.TON 
GRAND RAPIDS. MI 49503 
(616)451-3511 

ANIMAL DKHAVIOR 

AMI ANKR. CHARI>:S J. JR 
DEPT OF ZOOLOGY 
LT^aV OF ARKANSAS 
632 SCIHNCK-ENG 
FAYETTEVILLE. AR 72701 

ASirrON. GEOFl-REY C 
DEPT OF GENETICS 
UNIV OF HAWAII 
1960 EAST-WEST ROAD 
HONOLLl.U. in 96822 
(808) 948-8552 

GAMBS. ROGER 
DEPT OF BIOLP'oiCAL SCI 
CAL POLVniCH STATl: LTs'IV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2551 

HKCKENUVI-n.Y. DONALD B 
DEPr OF BIOLOGY 

inii^sDAii: cou.f:ge 
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HILLS DALB, MI 49242 
(517) 437.7341 

KESLER. DAVID H 
DEPT OF BIOLOGY 
RHODES COLLEGE 
2000 NORTH PARKWAY 
MEMPHIS. TN 38112 
(901) 726-3557 

LA BAR, MARTIN 
CENTRAI, WESLEY AN COLL 
CENTRAL, SC 29630 
(803) 639-2453 

ODE. PHIUP 
DEFT OF BIOLOGY 
THIEL COU^GE 
GREENVILE. PA 16125 
(412) 588-7700 

STOUT. JOHN 

DEFT OF BIOLOGY 

ANDREWS UNIV 

BERRIEN SPRINGS. MI 49104 

(616)471-3243 

ANIMAL SCIENCE 

KENNELLY. DR JOHN J 

DEFT OF ANIMAL SCI 

UNIV OF ALBERTA 

310 AGRIC/HORESTRY BLDG 

EDMONTON, ALBERTA 

CANADA T6G2P5 

(403)432*2133 

BIOCHEMISTRY 

DATES, WnUAMK 
DEFT OFBIOLCXIY 
UNTV N CAROLINA 
GREENSBORO. NC 27412 
(919) 379-5391 

BLANCHAER, MARCEL 
DEFT OF BKXMEMIS TRY 
FACULTY OF MEDIONE 
UNIV OF MANTTOBA 
700 BANT^TYNE AVE 
WINNIPEG. MANITOBA 
CANADA R3E 0W3 
(204) 788-6570 

COOK. DAVID E 
DIV sa & MATH 
DAKOTA STATE COLLEGE 
MADISON. SD 57042 

(605) 252-5194 

CREUTZ, CHARI>:S 
DEFT OF BIOLOGY 
UNTV TOI.EDO 
2801 W BANCROFT ST 
TOLEDO. OH 43606 
(419)537-4159 

DICKINSON. WINIFRED 
DEFT OFBIOIXX5Y 
UNTV OF STEUBENVILLE 
STEUBENVILLE, OH 43952 
(614) 283-3771 

FERNER.JOHNW 
DEFT OF BIOLOGY 
THOMAS MORE COLLEGE 
CRESTVIEW HILLS. KY 41017 

(606) 344-3374 

FORRESTER, JOE 



DEFT OF BlOCHEMlS-mY 
UNTV OF MISSOURI 
Ml 21 MED SCI BLDG 
COLUMBL^. MO 65212 
(314) 882-8795 

GENNIS. ROBERT B 
DEPT OF CHEMISTRY 
UNIVOFIUJNOIS 
505 S MATHEWS ST 
URBANA.IL61801 
nil) 333-9075 

HOUSE. DR HERBERT W 
ELON COLLEGE. BOX 2270 
ELON COLLEGE. NC 27244- 20lU 
(919) 584-5359 

JOHNSON. WALl'ER 
NW COLL OF ailROPRACnC 
2501 W 84TH ST 
BLOOMINGTON. MN 55431 
(612) 888^777 EXT 290 

KELLEN. JOHN 
DEPT BIOLCHEM St STRUCT 
CHICAGO MEDICAL SCHOOL 
3333 GREEN BAY ROAD 
NORIH CHICAGO. BL 60064 
(708) 578-3221 

KIRBY. DR EDWARD 
DEFT OF BIOCHEMISTRY 
TEMPLE UNIV HEALTH 

SCIENCE CENTER 
3420 N BROAD ST 
PHILADELPHIA. PA 19140 
(215) 221-4180 

KRUSE. ANNA C 
CABRINI COLLEGE 
RADNOR. PA 19087 
(215) 687-2100 

NORRIS, THOMAS E 
SENIOR ASSOC DEAN 
MOREHOUSE SCHOOL OF 

MEDICINE 
720 WESTVIEW DR SW 
ATLANTA, OA 30310 

PEl'ERSON, JULIAN A 
DEFT OF BIOCHEM 
UNIV TEXAS HEALTH SCI CTR 
5323 HARRY HINES BLVD 
DALLAS, TX 75235-9038 
(214) 688-2361 

RAwrrai, allbn b 

DEFT OF BIOCHEM 
XJNIV KANSAS MED CTR 
RAINBOW BLVD AT 39TH 
KANSAS OTY. KS 66103 
(913)588-6957 

SOLL, DIETER 

DEFT OF MOLEC BIOPHYSICS 

AND BIOCHEMESTRY 
YALE UNIV 
260 WHTTNEY AVE 
NEW HAVEN, CT 06511 
(203)436-3611 

SPENCER. TREVOR 
DEFT OF BIOCHEMISTRY 
QUEEN S LINIVERSnT 
KINGSTON. ONTARIO 
CANADA K7L 3N6 



(613) 545 2997 

STRATTON. LEWIS P 
DEPT OP BIOLOGY 
FURMAN UNIV 
GREENVILUB, SC29613 
(803) 294.3249 

SUELTER, CLARENv * 
DEFT OF BIOCHEMISTRY 
MICHiaAN STATE UNTV 
EAST Ij\NSIN0, MI 48824 

(517) 355-1708 

TESKEY, SISTER NANCY 
HOLY NAMES COLLEGE 
3500 MOUNTAIN BLVD 
OAKU^ND, CA 94619 
(415) 436-0111 

TREBLE, DONALD H 
DEPT OF BIOCHEMISTRY 
ALBANY MED COLLEGE 
ALBAKY. NY 12208 

(518) 445-5364 

WAGNER. MARTIN J 
DEPT OF B1(X:HEMISTRY 
BAYLOR COLL OF DENTISTRY 
3302 GASTON AVE 
DALLAS. *rX 75246 
ai4) 828-8261 

WINTER, CHARLES Q 
DEPT OF BIOCHEMISTRY 
UNIV OF ARKANSAS 
COLLEGE OF MEDICINE 
4301 W MARKHAM ST, 
SLOT 516 

LITTLE ROCK. AR 72205 

(501) 661-5190 

BIOLOGY 

BARLOW. SARAH F 
BOX 357 

MIDDUE TENNESSEE STATE 

UNIVERSITY 
MURFREESBORCTN 37132 
(615) 898-2041 

BASHOR, DAVID P 
DEPT OF BIOLOGY 
UNTV N CAROLINA AT 

CHARLOTTE 
CHARLOTTE. NC 28223 
(704) 597-4047 

BAUR. JOHN M 
DEPT OF BIOLOGY 
BRESCL\ COLLEGE 
120 WEST SEVENTH ST 
OWENSBORO, KY 42301 

(502) 685-3131 EXT 276 

BELU TIMOTHY 
DEFT BIOLOGICAL SCIENCES 
CHICACK) STATE UNIV 
CHICAGO, EL 60628 

BENDER, GARY 
PO BOX 82858 
FAIRBANKS. AK 99708 
(907) 452^8145 

BERG. VIRGINIA 
DEPT OF BIOLOGY 
UNTV NORTHERN IOWA 
CEDAR FALLS, I A 50614 



(319) 273-2770 

BO ^, GEORGE C 
BI01JX3Y DEFT 
SUSQUEHANNA UNIV 
SELINSGROVE. PA 17870 
(717)372^208 

BOWKER. LESLIE S 
DEFT OF BIOL SCTENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2788 

BROADWAY, RUBY L 
DEPT OF NATURAL SCIENCE 
DILLARD UNIVERSITY 
NEW ORLEANS. LA 70122 
(504) 2«3'8822 EKT 246 

BROWN. LES 

DEPT OF NATURAL SCIENCI-S 
GARDNER-WEBB COLLEGE 
BOCJNG SPRINGS. NC 28017 
C704) 434-2361 EXT 247 

CARICO, JAMES E 
DEPT OF BIOyX)GY 
LYNCHBURG COLI-EGE 
LYNCHBURG. VA 24501 
(804) 522-8366 

aiEW, FS 
DEPT OF BIOLOGY 
TUFTS IJNIV 
MEDFORD. MA 02155 
(617)381-3189 EXT 3195 

CHIEN,PAUI.K 
DEPT OF BIOLOGY 
UNIV OF SAN FRANaSCO 
SAN FRANCISCO. CA 94117 
(415) 666-6345 

COCKERHAM, BBX 
FRESNO PACinC COLLEGE 
1717 S CHESTNUT 
FTOSNO. CA 93702 
(209) 453-2045 

COLLINS, MICHAEL AJ 
DEPT OF BIOLOGY 
MEMORIAL UNIV OF NTiW- 

FOUNDLAND 
ST JOHN'S, ?^WFX)UNDLAND 
CANADA AlB 3X9 
C/09) 737-8031 

DILLEHAY, DR JANE 
DEFl^OF BIOLOGY 
GALLAUDET COLLEGE 
800 FLORIDA AVE NE 
WASHlNCTrON, DC 20002 
(202)651-5531 

DOVE, LEWIS 
DEFT OF BIOLOGICAL SCI 
WESTERN nUNOIS UNFV 
MACOMB, DL 61455 
(309) 298-1166 

DUGGAN, ELEANOR L 
BIOLOGY DEPT 
UNIV N CAROLINA AT 

GREENSBORO 
ROOM 309. EBERHART BIiX5 
GREENSBORO. NC 27412-5001 
(919) 379-5839 
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EILEUS, LAWRENCE J 
DEPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR PALLS. lA 5061 4 
019) 273.221 S 

FANNING. MARSHA E 
DEPT 0FBIOIXX1Y 
LENOm-RHYNB fX)LLEGE 
HICKORY. NC 28C^03 
f704) 328-7270 

FERNER, JOHN W 
DEPT OF BIOLOGY 
THOMAS MORE COLLEGE 
CRESTVIEW HILLS, KY 41017 
(606) 344-3374 

FONTANE. DR AR 
DEPT OF BIOLOGY 
UNIV OF VICTORIA 
PO BOX 1700 
VICTORIA. EC V8W 2Y2 
CANADA 
(604) 721-7131 

FREY. DENNIS 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. OA 93401 
(805) 546-2802 

GIBSON, UNDA 
DEPT OF BIOLOGY 
EASTERN WASH UNIV 
260 HALL OF SCIENCES 
CHENEY, WA 99004 
(509) 359.2845 

GORMAN. MARK 

BALDWIN-WAUACE 

COIiEOE 

LIFE SCIENCE BLDG 
BEREA, OH 44017 
(216) 826-2217 

HAMAN. AC 
DEPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALLS, lA 50614 
(319) 273-2726 

HECKENUVELY. DONALD B 
DEPT OFBIOI^Y 
HILLSDALE COLLEGE 
HILLSDALE, MI 49242 
(517) 437-7341 

HEDMAN, STEWIEN C 
DEPT 0HBI01X)GY 
221 LIFE Sa BLDG 
UNIV OF MINNESOTA AT 

DULUTH 
2400 OAKLAND AVE 
DULUTH, MN 55812 
(218) 726-8122 

HEIMBROOK. MARGARET E 
DEPT OF BIOLOGICAL SC 
UNIV OF NORTHERN 

COLORADO 
GREELEY, CO 80639 
(303) 351-2644 

HODGSON, DR LYNN M 
NORTHERN STATE COLLFGE 
BOX 673 

ABERDEEN. SD 57401 



(6QS) 222^2432 

HOUSE, EDWIN W 
DEPT OF BIOLOGY 
IDAHO STATE UNIV 
PO BOX 8007 
POCATELLO, ID 83209 
(208) 236-3765 

HOUSE, DR HERBERT W 
ELON COLLEGE 
BOX 2270 

RLON COLLEGE. NC 27244-2010 
(919) 584.5359 

HUMORA, PAUL 
DEPT OF BIOLOGY 
NORTH ADAMS STATE COLL 
NORTH ADAMS. MA 01267 
(413)664-4511 EXT 343 

JANKAY, PETER 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 

. LUIS OBISPO. CA 93401 
(SOS) 546-2860 

JENSEN, RICHARD 
DEPT OF BIOLOGY 
SAINT MARY'S COLLEGE 
NOTRE DAME, IN 46556 
(219) 284-4674 

JOHNSON, J RONALD 
DEPT OF BIOLOGY 
MIDLAND COLLEGE 
FREMONT, NE 68025 

KESSLER. SISTER IRMA 
DEPT OF BIOLOGY 
COLLEGE OF ST ELIZABETH 
CONVENT STATION, NJ 07961 
(201)539-1600 

KLEINSMTTH. LEWIS J 
DEPT OF BIOLOGY 
UNIV OF MICHIGAN 
2056 NATURAl. SCIENCF-S 
AN>7 ARBOR, MI 48109 
(313) 763-3290 

KONISKY, JOROAN 
SCH(X)L OF LIFE SCIENCES 
UNTV OF ILLINOIS 
CHAMPAIGN, IL 61801 
(217) 333-3044 

KRUSE, ANNA C 
CABRINI COLLEGE 
RADNOR, PA 19087 
(215)687-2100 

LEISMAN. (31LBERT A 
DEPT OF BIOLOGY 
EMPORL\ SriATE UNIV 
1200 COMMERCIAL 
EMPORIA. KS 66801 
(316) 343-1200 EXT 5617 

McCALLEY, DAVID V 
DEPT OF Bir*.CX)Y 
UNIV NORTHERN IOWA 
CEDAR FALLS. U 50614 
(319) 273-2581 

MELE, FRANK M 

DEFT OF BIOLOGY 

JERSEY OTY STATE COLI JiGE 



2039 KENNEDY BLVD 
JERSEY Cmr, NJ 07305 
(201) 547-3054 

MILLER, HAMES S 
BIOLOGY DEPT 
GOSHEN COLLEGE 
GOSHEN. IN 46526 
(219) 535-7308 

NICHOLSON, ROBERT 
SCH OF HFjM.TH a life SQ 
FORT HAYS STATE UNIV 
lUYS.KS 67601 
(913)628-5820 

ODE.PHIUP 
DEPT OF BIOLOGY 
THIEL COLLEGE 
GREENVILE, PA 16125 
(412) 588-7700 

ORR. ALAN 
DEPT OF BIOLOGY 
Um NORTHERN IOWA 
CEDAR FALLS. U 50614 
(319) 273-2150 

ORR. ajFTON 
BIOLOGY DEPT 

UNIV OF ARKANSAS AT PINE 

BLUFF 
PINE BLUFF, AR 71601 
'(501)541-6880 

OWEN, LAWrON 
KANSAS WESLEYAN 
lOOECLAFUN 
SAUNA. KS 67401 
(913) 827-5541 

PETERS, RALPH 
DEPT OF BIOLOGY 
LYNCHBURG COUXGE 
LYNQIBURG. VA 24501 
(804) 522.8367 

PIPERBERG. JOEL B 
DEPT OF BIOLOGY 
SIMMONS COLLEGE 
300 THE FENWAY 
BOSTON, MA 021 15 
(617) 738-2196 

POLLOCK. LW 
DEPT OF BIOL(X3Y 
DREW UNIVERSmr 
MADISON. NJ 07940 
aOl) 377-3000 EXT 358 

QUINN. DAVID L 
DEPT OF BIOLOGY 
MUSKINGUM COLLEGE 
NEW CONCORD. OH 43762-1 199 
(614) 826-8225 

RALPH, CHARLES L 
DEPT OFZOOLCXJY 
COLORADO STATE UNIV 
FT COLLINS, CO 80523 
(303)491-6105 

RALSTON, HJ 

DEPT OF ANAT OMY S- 1 334 
UNIV CALIFORNL^. SAN 

FRANCISCO 
3RD A PARNASSUS AVES 
SAN FRANasCO. CA 94143 



(415) 476-1861 

RFJ^SH, AU^IAJEAN 
UNIV OF WISCONSIN- 

PARKSIDE 
BOX 2000 

KENOSHA, W 53141 
(414) 553-2213 

ROBBINS. HERBERT C 
DALLAS BAPTIST UNIV 
7777 WEST KIEST BLVD 
DAU-AS,TX 75211-9800 
(214) 333-5302 

RUWAN, MICHAEL E 
DEPT OF BIOLOGY 
LANDER (X>LLEGE 
GREENWOOD. SC 29646 
(803) 229-8385 

SAVAGE, WAYNE 
DEFF OF BIOLOGY 
SAN JOSE STATE UMV 
SAN JOSE, C A 95192 
(408) 277-2355 

SaiNHIWOSS. JEANNE'S W 
DEPT OF BIOLOGY 
HOFSTRA UNIV 
HEMPSTEAD. W 11550 
(516) 560-5521 

SCHWARTZ. ORLANDO A 
DEPT OF BIOLOGY 
UNIV NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319) 273-2106 

SHOLES. OWEN DV 
DEPT OF NATURAL SCENCF^ 
ASSUMPTION COLLEGE 
500 SAUSBURY ST 
WORCESTEP^ MA 01609 
(617) 752-5615 EXT 257 

SINGLETARY, ROBERT 
DEPT OF BIOIXKjY 
UNIV OF BRIDGEPORT 
BRIDGEPORT. CT 06601 
(203) 576-4265 

SINNAMON. WALT 
CENTRAL WESUnfAN COLL 
BOX 443 

CENTRAL SC 29630 
(803) 639-2453 EXT 356 

SKAVARIL. RUSSELL V 
DEPT OF GENETICS 
OHIO STATE U7W 
961 BIOL SOBLDO 
COLUMBUS, OH 43210 
(614) 422-1310 

SMALL. JAMES W 
DEPT OF BIOLOGY 
ROLLINS COLLEGE 
BOX 2643 

WINTER PARK. FL 32789 
(305) 646-2433 

SOBIESKI, ROD 
DEPT OF BIOLOGY 
EMPORL\ STATE UNTV 
1200 COMMEROAL 
EMPORIA. KS 66801 
(316) 343-1200 EXT 5620 
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STANSFIHLD, WILIJAM 
DEPTOFBIOL SCIENCE 
CAL POLY TECH STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2875 

STANTON, GEORGE H 
DEFTOFBIOUXIY 
COLUMBUS COLUIGH 
COLUMl^US.GA 31993 
(404) 568-2065 

S'lTilN. PAUL 
DEPT OF BIOIXXjY 
WASHINGTON UNIV - BOX 1 1 37 
ST LOUIS. MO 63130 
(314) 889-6824 

STEUCEK. DR GUY L 
DEPT OF BIOLOGY 
MlliXRSVIIU: UNIV 
MIUSRSVlliJi, PA 17551 
(717) 872-3339 

STONT?. lARRIEE 
DANA COU.EGE 
BLAIR. NE 68008 
(402)426-4.01 EXT 229 

STRAITON. LEWIS P 
DEPT OF BIOLOGY 
FXJRMAN UNIV 
GREENVnXE. SC 29613 
(803) 294-3249 

SWEET*. HAVEN 

DEPr OF BIOLOGY 

UNIV OF CEN'TRAL Fl.ORlDA 

ORLANDO, 32816 

(305) 275-2922 

r AUB. STl-PHAN R 
DEPT OF BIOLOGY 
GEORGE MASON UNIV 
FAIRI-AX, VA 22030 
(703) 323-2181 

TESKEY. SISTER NANCY 
HOI.Y NAMES COIiJtGE 
3500 MOUNTAIN BLVD 
OAKLAND, CA 94619 
(415) 436-0111 

TURNEIi,. MJ 
DEPT OF ZOOLOGY 
UNIV OF ALBI-RTA 
CW312BIOL SCI BLDG 
EDMONTON. AIJIERTA 
CANADA T6Ct 2E9 
(403) 432-0665 

VERCH, RiaURD 
DEPT OF BIOIXXiY 
NORTinAND aMJJtOl' 
ASm-AND, WI 54806 
(715)682-4531 VXV 335 

VOORHEF^, FRAN'K RAY 
DEFI* OF BIOLOGY 
CENTRAL MISSOLTU STA H- 

UNIVERSITY 
WCM 306 

WARRENSBLTIG. MO 64093 
(816) 429-4933 

WAIJ-ACF. ROBERT L 
DEFl OF BlOLOCiY 



RnX)N COLLEGE 
PO BOX 248 
RIPON. WI 54971 
(414) 748-8122 

WALTIiRS, DIRK R 

DEFl' OF BIOLOGY 

CAL TOLYTEai ST AIT. UNIV 

SAN LUIS OBISPO, CA 93406 

(805) 546-2721 

WEISS. DR EDWARD 
CHRISTOPHER WiWPORT COIi- 
50 SHOE LANE 
NEWPORT NEWS. VA 23606 

(804) 599-7044 

W}IAIXS, MARVIN J 
DEPT OF BIOL SGENCJ-: 
CAL POLYTEai STATE LTs'IV 
SAN LinS OBISPO. CA 93407 

(805) 546-1357 

WnJffiLM. DALIJ\S 
DEPT OF BIOLOGY 
HASTINGS C0LI>;GE 
HASTINGS. NE 68«X)1 
(402) 461. 7382 

BIOMETRICS 

BEAVER. JAMES S 
DEPT OF AGRONOMY 

AND SOILS 
COLUEGE OF AGRIC SCI 
UNIV OF PUERTO RICO. 
MAYAGLT-Z CAMPUS 
MAYAGU^-Z. PR 00708 
(809) 834-4040 EXT 2380 

BOYNTON. DR JOHN H 
ST JOSFJ>H*S COIXEGE 
155 ROE BLVB 
PATCHOGUE. NY 1 1 ?T2 
(516) 654^3200 

STEUCEK, DR GUY L 
DEPT OF BIOLOGY 
MILLERSVILLE UNIV 
MILLERSVILU*. PA 17551 
(717) 872-3339 

WATROUS. JAM{-:S 
DEPT 0FBI0IXX3Y 
ST JOSEPH'S UMV 
PHn.ADELPHlA. PA 19131 
(215) 879-7342 

WHSSEL-BEAVER. IJNDA 
DhPr OF AGRONOMY 

AND SOILS 
COUIiGE OF AGRIC SCI 
MAYAGUEZ. PR 00708 
(809) 834-4040 EXF 2566 

WniJAMS. STANU-Y C 
DEPT OF BIOIXXIICAL SO 
SAN FTIANCISCO STATE UNIV 
SAN F-RANCSCO. CA 941 32 

BIOPHYSICS 

AM'.ANER, CHARIJF.S J. JR 
DEPT 0F7XX)I.0GY 
UNIV OF ARKANSAS 
632 SHENCE-l-NG 
FAYFriTEVIUJi. AR 72701 

RAM. JlW-Rl-Y 1. 



DF-PTOF WiYSIOUXJY 
WAYNE STATE UNIV 
saiOOL OF MEDICINE 
540 EAST CANFIEU) AVE 
DETROrr. MI 48201 
(313) 577-1558 

SAaiS, DR FTiEDERICK 
DFPr OF BIOPHYSICAL SCi 
SUNY AT BUFFALO 
118 GARY HALL 
BUFFALO. NY 14214 
(716) 831-3289 

SlJ\YMAN. CL 

DEPrOFPHYSlOljOGY 

YALE SCHOOL OF MHDlClNH 

333 CEDAR ST 

NTJW HAVEN, CT 06510 

(203) 788-4478 

WUNDER. CHARIJiS C 
DEPTOFPHYSIOIXXjY 
RESEARCH LAB 
UNIV OF IOWA 
OAKDAI CAMPUS 
OAKDALE, lA 52319 
(319) 353-4704 

BIOSTATISTICS 

HECKENUVELY. DON AID B 
DEPT OF BIOIXXJY 
WLLSDALE COLLEGE 
Iffl-LSDALE. MI 49242 
(517 ) 437-7341 

PE'IY.RSON. MARGARFH^ 
BIOSTAT RES CTR 
UNIV OF CONT^CTICUT 
in-jM.TH CENTER AM034 
FARNONGTON. CV 06062 
(203)674-3834 

SAKU JANA 

DFUn*OF CrROP SCn^NCE 

UNIV OF SASKATCHEWAN 

SASKATOON. SASK S7N OWO 

CANADA 

(306) 966-4952 

BOTANY 

BELU TIMOTHY 

DJ-PT biologic:al scienci-:s 

CmCAGO STATE VSIW 
CinCAGO. IL 60628 

HIj\<nC. JOEB 
DF:Fr OF BIOLOGY 

ijouisiana couj:gf: 
ix»uisiana cou.stahon 

PINEVIU-E, lA 71359 
(318) 487-7611 

CASTANIiiR. DAMD 

df:pt of biology 
ct-ntral missouri 

state univ 
warrensbuhg. mo 64093 

(816)429-4933 

DICKINSON. WlNIFTtED 
Dl-PT 0FBI0IXX1Y 
UNIV OF STEUBENVILUt 
STEUBENVIIi^. OH 43952 
(614) 283-3771 

DOYIii. JAMES 



DEPT OF BIOLOGY 
AQLriNAS COLLEGF 
GRAND RAPIDS. MI 49506 
(616) 459-8281 EXT 387 

GIBSON. IJNDA 
DEPr Oi' BIOLOGY 
EAS1T»N WASH UNIV 
260 HAIX OF SCIENCES 
CHENEY. WA 99004 
(509) 359-2845 

HODGSON. DR LYNN M 
NORTHERN STATE COU. 
BOX 673 

ABERDEEN. SD 57401 
(605) 222-2^* > 2 

HOLLAND. VL 
DEPT OF BIOL SCIENCIi 
CAL P0LY1T;CH STAH* LT^aV 
SAN I.inS OBISPO. CA 93401 
(805) 546-2789 

HOLM. FA 

DEPT OF CROP SCI A 

PLANT ECOLOGY 
LT^'IV SASKATCimWAN 
SASKATOON. SASK S7N OWO 
CANADA 
(306) 966-5006 

JANTCAY. Ptn-ER 
DEPT OF BIOL SCU-NCl- 
CAL P()LYTFX:H STAT!-: UNIV 
SAN LUIS OBISPO. CA 93401 
(805) 546-2860 

KEO-. DAVID J 
DEPT OF BIOL SCn-NCES 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2043 

\A BAR. MARTIN 
CENTRAL WESLF:YAN COU, 
CENTRAL. SC 29630 
(803) 639-2453 

ROBBINS. HERBERT C 
DAUJVS BAPTIST VSIW 
7777 WESTKIEST 5LV1) 
DALIAS,TX 7521 1-9800 
(214) 333-5302 

RUNYAN, MICHAl I.E 
DEPT OF BIOLOGY 
LANDER COUJ^GE 
GREENWOOD, SC 29646 
(803) 229-8385 

SAVAGE, WAYNE 
DEPr OF BIOLOGY 
SAN JOSE STATE UNIV 
SAN JOSE, CA 95192 
(408) 277-2355 

SHAFT . M I 
DEFFOFSa A MA IH 
RUST COLIJ^GE 
HOLLY SPRINGS. MS 38635 
(601)252-4661 

SNOW. MICHAEI. D 
DEPT OF PHYSICAL* 

tiFi: SCIENCES 
UNIV OF PORIIAND 
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500 N WtU-AMKlTE BLVD 
POR'n>iiNl>. OR 97203 
(503) 283-7175 

UUUCH, KARL 

WESTERN MONT ANA COLUiGE 
UNIV OP MONTANA 
DILLON. MX 59725 
(406) 683-7358 

VHRCH, RICHARD 
DEPT OF BIOUXJY 
NORTJILAND (X)LIi2GE 
ASHLAND. WI 54806 
(715) 682-4531 EXT 335 

WULFF, BARRY 
DEPT 0FB10IXX3Y 
EASniRN CONN SIAH: IWIV 
WILUMANTIC. CI- 06226 
(203) 456-2231 

YOSIUMURA, MICHAEL A 
DEPT OF BIOL SCIENCE 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2466 

CELL BIOLOGY 

BATES, WILLIAM K 
DEPT OF BIOLOGY 
UNTV NORTH CAROUNA 
GREENSBORO. NC 27412 
(919) 379-5391 

BERNSTEIN, MAURICE H 
DEPT OF ANATOMY & 
CEU. BIOLOGY 
WAYNE STATE XJSIV 
SCHOOL OF MEDICINE 
540ECANFIFli) 
DETROIT. MI 48201 
ai3) 577-1029 

BRAWNER. THOMAS A 
DEPT OFBIOUXJY 
CARTHAGE COlliiGE 
KENOSHA, Wl 53141 
(414) 551 8500 EXT 373 

anSLER.JOHNA 
OLENV1U.E STATE COU^EOE 
GUNVILLE. WV 26351 
(304) 462-7361 

COHN. STANLEY 
DEPT OF BIOLOGY 
DEPAUl, UNIV 
CHICAGO. IL 60614 
(312) 341-5243 

CREUTZ, CHARLES 
DEPT OF BIOLOGY 
U?vaV OF TOLEDO 
2801 W BANCROFT ST 
TOLEDO. OH 43606 
(419) 5374159 

DRUECKER, JAY DEE 
CHADRON STATE COUllOU 
aiADRON, NE 69337 
(308) 432 6298 

GRAY.HHARKIET 
HOIiJNS COUi-GE 
BOX 9616 

HOLUNS COIXEGE. VA 24020 



(703) 362-6543 
KELLEN. JOHN 

DEi^r OF BIOL atEM A Sl-RUCI* 
CHICAGO MED SaKX)L 
3333 GREEN BAY ROAD 
NORllI a^ICAGO, IL 60064 
(708) 578 3221 

PRESCOrr, IJVNSING M 
DEPT OF BIOLOGY 
AUGUSTANA COLLEGE 
SIOUX FALLS, SD 57197 
(605) 336-4719 

RALSTON, HJ 
DEPTOFANAT S 1334 
LT^V CAUFX)RNU. SAN 

FRANQSCO 
3RD & PARNASSUS AVES 
SAN FRANQSCO. CA 94143 
(415)476-1861 

SAVAGE. WAYNE 
DEPT OF BIOLOGY 
SAN JOSE STATE UMV 
SAN JOSE. CA 95192 
(408) 277-2355 

SHEFFIELD, JOEL B 
DEPT OF BIOLOGY 
TEMPLE UNIV 
PHILADELPIOA. PA 19122 
(215) 787-8854 

STONE. LARRIE E 
DANA COLLEGE 
BLAIR, NE 68008 
(402) 426-4101 EXT 229 

TOWLE, DAVID W. 
DEPT OF BIOL(X}Y 
LAKE FOREST COI J^GE 
LAKE FOREST. IL 60045 
(708) 234-3100 EXT 347 

WIUJAMS, WE 
DEPT OF BIOLOGY 
TRINTTY COU,EGE 
HARTFX)RD. CT 06106 
(203) 527-3151 EXT 570 

CHEMISTRY 
HESTON, WM 

CTR FOR NATURAL SQENCHS 
NEW YORK INSTTHCH 
OLD WESTBURY. NYl 1568 
(516) 686-7665 

COMPtTKRS/COMPIJTER 
LITERACY 

CHARDINE. DR JOHN W 

DEPT OF BIOL SQENCES 

BROCK UNIVERSITY 

ST CATHARINES. ONF L2S 3A1 

CANADA 

(416) 688-5550 

CODY, RONALD 
DEPT OF ENVIRON & 
COMMUNITY MKD 
RUTGERS MED SOIOOl. 
PISCATAWAY. NJ 08854 
(201)463-4490 

CORBFJL. ROBERT R 

DEPrS OF MATH & COMPUT SCI 



UNJV OF SAN DIEGO 
SAN DIEGO. CA 92110 
(619) 260^600 EXT 4459 

DUGOAN. ELFANOR L 
BIOLOGY DEFf 
UNIV N CAROLINA AT 

GREENSBORO 
ROOM 309. EBERIURT BIJDG 
GREENSBORO, NC 27412-5001 
(919) 379-5839 

DURY, CARL G 

OFHCE OF COMP St INFO SERV 
lEMPLE UNIV HLTH SCI CIR 
3333 NO BROAD ST. RM 327 
PHkLADELPHIA, PA 19140 
(215) 221-3479 

HOFMANN. WAUACE C 
DEPT OF PLANT SCIENCE 
UNIV OF ARIZONA 
BUILDING #36 
TUCSON. AZ 85721 
(602)621-1257 

KREIDER. DR DAVID L 
DFjnr OF ANIMAL SQENCES 
UNIV OF ARKANSAS 
104 ANIMAL SCI BLDG 
FAYETIT^VILLE. AR 72701 
^501) 575-4870 

KRULL. DR SARA 
SCHOOL 01* NURSING 
ST IX)UIS UNTV MED CTR 
ST LOUIS. MO 63104 
(314) 577-8903 

LEONG. KINGSTON 
DFJn' OF BIOLCKjICAL SCI 
CAL POLYTECH SI ATE UNTV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2788 

UBEY. TERRY 
DFJT OF HEALTH CARl-ERS 
lANSING COMMUNTTY COLL 
LANSING. MI 48901 -72U 

OLTJEN. JW 

DEPT OF ANIMAL SCIENCE 
OKIAHOMA STATE UNIV 
STILL WAlTiR. OK 74078 
(405) 624-6670 

OWEN. WILUS L 
3224 N ROFF 

OKIAHOMA CITY. OK 731 12 
(405) 271-2229 

PARISI. ANTHONY J 
WRJGHl* STATE UNIV 
SCHOOL OF MEDICINE 
PO BOX 927 

DAYTON. OH 45401- 0927 
(513) 376-6711 

POTIINGER. JAN 
RM2050 MSC 
UNIV OF WISCONSIN 
MADISON. WT 53706 
(608) 263-1595 

SaiAAD. DOUGIAS C 

DEPT RESEARCH IN MED HDL'C 

UNIV OF WASHINGTON SC.45 



SEATTLE WA 98195 
(206) 543-9320 

SESSLER, AMY 
CURRICULAR SFTWR STUDIO 
TUFTS UNIVERSnT 
MEDFORD, MA 02155 
(617) 628-5000 EXT 2009 

SKAVARIL, DR RUSSELL V 
DEPT OF GENETICS 
OHIO STATE UNIV 
961 BIOL Sa BLDG 
COLUMBUS, OH 43210 
(614) 422-1310 

STRINGFELLOW, HART R 
DEPT OF DENTAL EDUCATION 
UNIV OF FLORIDA 
COLLEGE OF DENllSTRY 
BOX J-406 JHMHC 
GAINES VEXE, FL 32610 
(904) 392-2674 

WETSTONE. SCOTT 
UNIV OF CONNECTICUT 
HEALTH CIR AM033 
FARMINC3T0N. CT 06032 
(203) 674-3836 

CYTOGENETICS 

GRANT. WIUJAMF 
GENETICS LABORATORY 
PO BOX 4000 

MACDONALD CAMPUS OF 

McGiLL UNIV 
QUEBEC. CANADA H9X ICO 

CYIOLOGY 

GRANT. WILIIAMF 
GENETICS LABORATORY 
PO BOX 4000 

MACDONALD CAMPUS 01- 

McGlLL UNIV 
QUEBEC. CANADA H9X ICO 

KHETE. J RICHARD 
DEPT OF ANATOMY 
CASE WESTERN RESERVE 
UNIVFJISHT 
CLEVELAND. OH 44106 
(216) 368-2656 

DENTISTRY 

TOWNSEND. DeiWAYNH 
SCHOOL OF DENTISTRY 
UNIVERSITY OF MINNESOl A 
MINNFAPOUS. MN 55455 
(612) 625-7467 

DEVELOPMENTAL BIOLOGY 
DAVID. JOHN 
UNIV OF MISSOURI 
105 TUCKER HAU. 
COLUMBIA. MO 65211 
(314) 882-0120 

DRUECKER.JAY DEE 

aiARDRON statccoli>:ge 

aiADRON. NE 69337 
(308) 432-6298 

HEIDCAMP. WILOAM 
BIOLOGY DEPARTMENT 
GUSTAVUS ADOIi'injS COU, 
ST PETER. MN 56082 
(507) 931-7325 



0742-3233/90/50.00 + 2.00 



©1990 BY NA110NAL RESOURCE FOR COMPUTERS IN UVU SQENCE EDUCATION 



i 



48 



COMPUTERS IN UFE SCffiNCE EDUCATION, VOLUME 7, NUMBER 6. JUNE 1990 



AIMS AND SCOPE The goal of Compiaers inLife Science Education is to provide a means of communicaUon among 

life science educators who anUcipate or are currently employing the computer as an educational 
tool The range of content includes, but is not limited to, articles focusing on computer appli- 
cations and their underlying philosophy, reports on faculty/student experiences with computci^s 
in leaching environments, and software/hardware reviews in both basic science and clinical 
education settings. 



INVITATION TO CONTRIBUTORS 



Articles consistent with the goals of Computers in Life Science Education arc invited for possible 
publication in the newsletter. 

PREPARATION AND SUBMISSION OF MATERUL 

Articles submitted for publication should be typev/rilten, double spaced, with wide margins . The 
original and two copies including two sets of figures and tables should be sent to the Editor 
Dr.HaroldModeU,NRCLSE,P,O.Box51187, Seattle, WA 98115-1187, 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding auUior, 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
photographs on glossy paper (Laser pruiter output is acceptable). The lettering should be such 
that it can be legible after reduction (width of one colunui = 5,7 cm). 

Reference style and form should follow the 'number system with references alphabetized" 
described in the Council of Biology Editors Style Manual. References should be listed in 
dphabetical order by the first author s last name, numbered consecutively, ar. ' :ilcd in the text 
by these numbers. 

RESPONSIBILITY ANO COPYRIGHT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors 
submitting manuscripts will be sent a copyright transfer form to complete. The completed form 
must be returned before the work will be published. 



SLBSCRIPTION IM ORMATION 



Computers inLife Science Education is published monthly by National Resource for Computers 
in Life ScieiKe Education, P.O. Box 5 1 1 87, Seattle, W A 98 1 15- 1 1 87. Subscription rate is $40.00 
for 12 issues, including postage and handling in the United Slates, Canada, and Mexico. Add 
$20.00 for posuge (aimiail) in Europe and South America and $23.00 for tlie rest of the world. 

This newsletter has been registered with the Copyright Clearance Center, Inc. Consent is given 
for copying of articles for personal or internal use. or for the personal or internal use of specific 
clients. This consent is given on the condition that the copier pay through the Center thepcr-copy 
fee Slated in Uie code on the firstpage for copying beyond that permitted by the US Copyright Law. 
If no code appears on an article, the author has not given broad consent to copy and permission 
to copy must be obtained directly from the author. This consent does not extend to other kinds 
of copying, such as for general distribution, resale, advertising and promotional purposes, or for 
creating new collective works. 

Address orders, changes of address, and claims for missing issues to NRCLSE, P.O. Box 51 187. 
Seattle, W A 98 1 15-1 1 87. Claims for missing issues can be honored only up to three montlis for 
domestic addresses and six montlis for foreign addres.ses. Duplicate copies will not be sent to 
replace ones undelivered due to failure to notify NRCLSE of change of address. 

Address editorial conespondence to Harold I. Modell, PhD, NRCLSE, P.O. Box 5 1 187, Seattle, 
WA 0811.S-1187. (BITNET M0DELL@UWALOCKE) 

POSTM ASTER : Send address changes to Computers in Life Scietice Education, NRCLS E, P.O. 
r3v.x51187,SealUe, WA 98115-1187. 



(^1990 BY NATfONAL RBSOURCl: FOR COMPUTKRS LN LIFE S( !"cLNCE KDUCA OON 



0742.3233/9O/SO.00+ 2-00 



ERIC 



4Vj 



I 



VOLUME 7 NUMBER 7, JULY 1990 



CLSEE3 7(7)49-56. 1990 ISSN 0742-3233 



COMPUTERS 
IN LIFE 

scie:nce 
education 




r 



HAROLD I. MODELL 

NRCLSE 

Seattle, Wuhiiigtan 

NELS C. ANDERSON 
Deputmcsrtt of CeU Biology 
Duke Univemty Medical Center 
Duthtm, Nonh Carolina 

CHRISTINB BOLWELL 
Diskovery, Compma-Aisisted 

Healthcare Edi^tion 
Saratoga, California 

RICHARD EISENBERG 
Department of Ftiasnicology 
Umversity of MiiinesoU - Duluth 
Duluih, MinneKiU 

ROBERT H. GILES, JR 

Depi of Fitherie* And Wildlife Sciences 

Virginia PcJytechnic Insotute and Su.te 

Univemty 
Blacktburgt Virginia 

LEWIS J. KLEINSMITH 
Department of Biology 
Umversiiy of Michigan 
Ann Aibot. Michigan 

MICHAEL A. KOLTTSKY 
Dept of Biological Sciences 
California Luthem Umversity 
I'houaand Oaka, Califonua 

DONNA LARSON 
School of Nuising 
Grand Valley Stttc Univatity 
Allendale, Michigan 

ROY S. MEYERS 
Department of Biology 
Skidmore College 
Saratoga Springs, New York 

JOEL A. MICHAEL 
Department of Phyaio^ogy 
Rush Medical College 
Chicago, Ulinoia 

aiARLES L RALPH 
Depaitincnt of Biology 
Colondo State Univenity 
Fort CoUina, Colorado 

CATHERINE J. SCHAAP 
Department of Anatomy and Aiyaiology 
Atlantic Veterinary College 
Univemty of Phncc Edward island 
Qiarlottetown, Prince Edward Island 



CONTENTS 



CLSE 1990 COLLEAGU>i; DIRECTORY - PART 2 



49 



CLSE 1990 COLLEAGUE 
DIRECTORY - PART 2 



The primary goal of the National Re- 
source for Computers in Life Science 
Education (NRCLSE) is to cultivate col- 
laborative efforts among life science 
faculty interested in uc^ng the computer 
as a teaching tool. 

The listing that follows is a continu* 
ation of the 1990 directory published last 
month. It is updated from the 1988-89 di- 
rectory and was drawn primarily from re- 
STX)ndenls to questionnaires printed in 
Ci.SE (see page 8 in the January CLSE), 
It is intended to help readers identify col- 
leagues willi common interest areas. 

The listings are arranged by the content 
areas identified in response to the ques- 
tion, "Wliat content areas do you teach?" 
As a result* eniries may appear under 
more than one heading. 

Although every attempt has been made 



to ensure that Jie information is cuirent 
and correct, it is likely that some errors 
appeal* in »Iiis list. We apologize in ad- 
vance for any inconveniences that may 
arise due to such oversights. Part 3 of the 
directory will appear next month. 

If you are aware of other colleagues that 
should be listed, please encourage them 
to return the questionnaire that appeared 
on page 8 of the January issue of CLSE, 
or send their names, addresses, phone 
numbers. Bl FNET addresses, and leach- 
ing content areas to: 

NRCLSE 
P.O. Box 51187 
SeatUe, WA 98115-1187 

orletusknowviaBITNET. NRCLSE's 
BITNET address is MODELL<a) 
UWALOCKE. 



DKVELOPMENTAL BIOLOGY 
(Continued) 

RALSTON. HJ 

OEPT OF ANATOMY S.1334 
UNIV CALIFORNIA AT 
SAN FPANCISCO 
3RD A PaHNASSUS AVES 
SAN FRANaSCO. CA 94143 
(415) 476-1861 



.STONE. LARRIE E 
DANA COLLEGE 
BLAIR« N£ 68008 
(402)426^101 EXT 229 

VOORHEES. FR 

DEFT OFBIOIjOOY 

CENT MISSOURI STATE UNIV 

WCM306 



WARRENSBURG. MO 64093 
(816) 429^933 

ECOLOGY 

BEAVER, JAMES S 
DEPT OF AGRONY AND SOILS 
COLLEGE OF AGRIC SQ 
UNIV OF inJERTO RICO. 
MAYAGUEZ CAMPUS 
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MAYAGUEZ. PR OO708 
(809) 834-4040 EXT 23SO 

BELL. nMOTHY 
DEFT OF BIOL SCIENCES 
ailCAGO STATE UNIV 
aUCAGO« IL 60623 

BELLMER, SISTER EUZABbTH 
TRITINY COLLEGE 
WASIUNGTON. DC 20017 
(202) 939-5190 

BOONE. GEORGE C. 
BIOUXSY DEPARTMENT 
SUSQIJEHANT^A UNIVERSITY 
SELINSGROVE, PA 17870 
(717) 372-4208 

BOWKER, LESLIE S 
DEPT OF BIOLOGICAL SO 
CAL POLYTEQI STAFE LTsIV 
SAN LLHS OBISPO, CA 93407 
(805) 546-2788 

BOYNTON. DR JOHN E 
ST JOSEPH'S COLLEGE 
155 ROE BLVD 
PATCH(XjUE. NY 11772 
(516) 654 3200 

CACCAMISE. DONALD F 
DEPT OF ENTOMOUXiY 
RUTGERS UMV 
PO BOX 231 

NEW BRUNSWICK, NJ 08903 
(201) 932-9459 

CALDWEIX, DOUG 

DEPT OF APPLIED MICRO & 

FOOD SCI 

UNTV OF SASKATCHEWAN 
SASKAT(X)N. SASK S7N OWO 
CANADA 
(306) 966-5026 

CAMERON. DAVID G 
DKPT OF BIOLOGY 
MONTANA STATE U>aV 
BOZEMAN.MT 59717 
(406) 994-2670 

aiARDINE, DR JOHN W 

DEPT OF BIOL<XjICAL SCI 

BROCK UNIVERSirV 

ST CATHARINES, ONT L2S 3A1 

CANADA 

(416) 688-5550 

aiEW, FS 
DEPT OF BIOLOGY 
•IWrS LTSIV 
MEDFORD. MA 02155 
(617) 381-3189 EXT 3195 

aX)UTlUR.CONRAD 
DKPr OF BIOLOGY 
UNIVERSITY LAVAL 
QUEBEC 10, QUEBEC OIK 7P4 
CANADA 
(418)656^3183 

COCKERllAM. BILL 
FRESNO PACIHC COLLEGE 
1717 S CHESTNUT 
FRESNO. CA 93702 
(209) 453-2045 



CYR, ANDRE 

DEPT OF BIOLOGY 

UMV OF SHERBROOKE 

S HERBROOKE. QUEBEC J 1 K 2R 1 

CANADA 

(819)821-7074 

DOYLE. JAMES 
DEPT OF BI01X)GY 
AQUINAS COLLEGE 
GRAND RAPIDS. MI 49506 
(616)459-8281 EXT 387 

DUDLEY, PATRICIA L 
DEPT OF BIOLOGICAL SCI 
BARNARD COLLEGE 
COLUMBIA UNIV 
3009 BROADWAY 
NT-W YORK. N^ 10027 
(212) 280-2437 

FANNING. MARSHA E 
DEPT OF BIOLOGY 
LENOIR-RHYNE COLLEGE 
inCXORY. NC 28603 
(7«) 328-7270 

GAMBS. RCXjER 
DEPT OF BIOLOGICAL SQ 
CAL POLYTEQI STATE LTVIV 
SAN LUIS OBISPO, CA 93407 
(805) S46^2551 

CUES, ROBERT HJr 
DEPl' OF HSHERIES & 
WILDUFE saENCE 
VIRGINIA POLYTECH INST & 
STATE UNIV 
BLACKSBURG, VA 24061 
(703) 961 5910 

HOLLAND, VL 
DEPT OF BIOLCXjICAL SCI 
CAL POLYTECH STATE UNIV 
SAN LUIS OBISPO, CA 93401 
(805) 546-2789 

JENSEN. RiaiARD 
DEPT OFBIOLCKjY 
ST MARY'S COU^GE 
NOTRE DAME, IN 46556 
(219) 284-4674 

JOHNSON. DAVID W 
DEPl' OF BIOLOGY 
CONCORDIA COU,EGE 
MOORHEAD, MN 56560 
(218) 299-3085 

JOIWSON. IVANM 
DEFT OF BIOLOGY 
CONCORDIA tX)LLEGH 
M(X)R1IEAD, MN 56560 
(218)299-3085 

KESIJ-R. DAVID H 
DEPT OF BIOLOGY 
RHODES COLLEGE 
2000 NORTH PARKWAY 
MEMPHIS, TN 38112 
(901) 726-3557 

NICHOLSON. ROBERT 
SCHOOL OF HLTH & LIFE SO 
FORT HAYS STATE UNIV 
HAYS.KS 67601 
(913) 628-5820 



NOVEMSKY. USA 
NEW JliRSEY INST TECH 
NEWARK, NJ 07102 
(201) 596.3253 

ROBBINS. DR HERBERT C 
DALLAS BAPTIST UNIV 
7777 WEST KIEST BLVD 
DALLAS, T:< 752U-980O 
(214) 333-5302 

SCHWARTZ. ORLANDO A 
DEPT 0FBI0UX3Y 
UNIV OF NORTHERN IOWA 
CEDAR FALLS. lA 50614 
(319) 273-2106 

SHAH. M I 

DEPT OF SCIENCE & M/ TH 
RUST COLLEGE 
HOIXY SPRINGS, MS 38635 
(601) 252-4661 

SINGLETARY. ROBERT L 
DEPTOFBI0UX3Y 
UNTV OF BRIDGEPORF 
BRIDGEPORT. Cr 06601 
f203) 576-4265 

smfcT.wnxiAME 

DEPT OF BIOIjOCjY AND 

MICROBIOLOGY 

UNIV OF wis AT OSHKOSH 

OSHKOSH, WI 54901 

(414) 424-3068 

SNOW, MiaiAEL D 

DEPT OF PHYSICAL ^ I JFE SCI 

UNIVERSITY C F K)RTLAND 

500 N WILl^METTE BLVD 

P0RTIj\ND. or 97203 

(503) 283-7175 

STANTON. GEORGE E 
DFJ3T OF BIOLOGY 
COLUMBUS COLLEGE 
COLUMBUS. GA 31993 
(404) 568-2065 

ULRICH. KARL 

WESTERN MONTANA COLLEGE 
UNIV OF MONTAN\ 
DILLON, MT 59725 
(406) 683-7358 

UNGAR, IRWIN A 
DFin* OF BOTANY 
OinO UNIV 
AIHENS.OH 45701 

VAN AMBURG. GERALD L 
DEPT OF BIOUMjY 
CONCORDIA COLLEGE 
M(X)R}{EAD, MN 56560 
ai8) 299-3085 

WALTERS, DIRK R 

DEPT OF BIOLOGY 

CAL POLYTECH STATE UNW 

SAN LUIS OBISPO. CA 93406 

(805) 546-2721 

WEISS. DR EDWARD 
(MIISTOPHER NEWPORT COU. 
50 SHOE LANE 
NT^WPORT NEWS, VA 23606 
(8M) 599-7044 



WERNER. J KlRWIN 
DEPl OF BIOLOGY 
NORTHERN MICHIGAN UNIV 
MARQUEITE. Ml 49855 
(906) 227-2310 

WOU'. TOOMAS M 
DEK! 01' BIOLOGY 
WASHBURN UNIV OF TOPEKA 
1700 COULEGE AV 
T(^PEKA. KS 66621 
(913) 295-6768 

WULI'T, BARRY 
DEPT OF BIOLOGY 
EASTERN CONNECTICUT 

STATE UNIVliRSITY 
WILUMAmiC. CT 06226 
(203) 456-2231 

EDUCATION 

GROBMAN, \VJ\X>A 

ST LOUIS UNIV sai MED 

1402 S GRAND 

ST LOUIS. MO 63104 

(314) 577-8645 

KERBESlflAN. LYN'N 
SCHOOL OF MEDiaN'E 
UNIV NORTH DAKOTA 
OMEE MED SCIENCE NO 
GRAND FORKS, ND 58201 
(701) 777-3833 

KROGULL, STEVEN 
DEPT OF EDUCATIONAL SERV 
MEDICAL COLL OF WISCONSIN 
8701 WATERTOWN PLAVK RD 
MILWAUKEE. Wl 53226 
(414) 257-8546 

McCRADY. WILLIAM 
SQENCE LEARNING CPR 
UNIV OF TFJCAS AT 

ARLINGTON 
BOX 19389 

ARIJN(rON,TX 76019 
(817) 273-2129 

ELECTRON MICROSCOPY 
SAVAGE, WAYNE 
DEPT OF BIOLOGY 
SAN JOSE STATE UMV 
SAN JOSE CA 95192 
(408) 277-2355 

EMBRYOLOGY 

BELLMER. SISTER ELIZABETH 
TRINITY COLI-EGE 
WASHINGTON. DC 20017 
a02) 939-5190 

BERNSTEIN, MAURICE H 
DEPT OF ANAT & CEli. BIOL 
WAYNE STATE UNIV SCH 

MEDICINE 
540 E CANFIEIX) 
DETROIT, MI 48201 
(313) 577-1029 

FEEBACK, DANIEL 

DEPT OF ANATOMICAL SCI 

UNIV OF OKLAHOMA HLTI? 

SQENCE CTTR 
POBOX 26901 BMSB540 
OKLAHOMA CITY, OK 73190 
(405) 271-2377 
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JURRIS, THOMAS M 


5-432 nOWEN SCTENCE ULUl 


DFin^ OF BIOlAXiY 


ODE, PHIIiP 


DFOT OF ANATOMY 


IOWA ar\. lA 5*2242 


ITllEL COU-EGE 


DEPT OF BIOLOGY 


MED COLLEOH OF VIRGINIA 


(319) 353-4018 


GREKNVII.E. PA 16125 


THn-L COLLEGE 


RICHMOND. VA 23298 0001 




(412) 588-7700 


GREENV1LE.PA 16125 


(804) 789^9534 


WOLF. RlCllAUD C 




(412)588-7700 




DHPT OF PHYSI01X)GY 


PICKliRINO, JOHN 




HnXJARD, STIiPmiN 


UNIV OF WISCONSIN 


DEFr OH UNTOMOl-OGY 


SHAGER. BOB 


DEPl' OF BIOLOGY 


MADISON, Wl 53706 


UNIV OF GEORGL\ 


DETF OF BIOLOGY 


BALDWIN- WALLACE COLL 


(608) 262-2939 


ATHENS. G A 


UNIV OF NORTHERN IOWA 


BERHA.OH 44017 




(404) 542-2^16 


CEDAR FAIJ^S. lA 50614 


(216) 826-2265 


YOCmM. J M 




(319) 273-2670 




DEPr PHYSIOLOGY & CEIL 


WILUAMS. STANLEY C 




KESSLER. SISIBR IRMA 


BIOLOGY 


DEPT OF BIOL SOENCES 


STANSMEIJ). WIUJAM 


DEIT OF BIOLOGY 


UNIVERsrrY OF KANSAS 


SAN ITIANCISCO STAITi UNIV 


DEPT OF BIOL SCIENCE 


CO! .miE OF ST El JZABE-ni 


LAWRENCE. KS 66045 


SAN FRANCISCO, CA 941 32 


CAL POLYITiCH STA IE LTMIV 


CONVENT STATION. NJ 07961 


(913) 864-3130 




SAN LUIS OBISPC CA 93407 


(201) 539-1600 




ENVIRONMENTAL SCIENCE 


(805) 546-2875 




ZIMMERMAN, JAY 


imTNER. ROSANNE 




MEYERS. aXK 


DEPT OF BIOL SCIENCES 


OHIO STATE UNIV 


'ANTON. GEORGE E 


DEPT 0FBIOLCin'M& 


ST JOHN'S UNIV 


SCHOOL OF NAT RESOURCES 


DEPT OF BIOIXXjY 


STRUCT 


GP .ND CENTRAL A 


COLUMBUS. OH 43210 


COLUMBUS COliJiGE 


THE CHICAGO MED SCHOOL 


UTOPIA PKWS 


(614) 422-2265 


CX>LUMB S.GA 31993 


3333 GREEN BAY RD 


NEW YORK. NY 11439 




(404) 568-2065 


NORTH aUCAOO, IL 600M 


(718)990^6161 EXT 5233 


SABOSKI. EIXiANOR M 




(708) 578-3000 EXT 458 




NEW ENGI-AND COLUiGE 


WILLIAMS. W E 




ENTOMOLOGY 


HENNIKER. SH 03242 


DEPF OF BIOLOGY 


MlIi^R. JAMES S. 


CLOUllER. CONRAD 


(603) 428-2374 


TRINHY COLLEGE 


BIOLOGY DEPARTMENT 


DEFIOFBIOIXXiY 




HAR1H)RD.CT06J% 


GOSHEN COU l-OE 


UNIVERSITY LAVAL 


SNOW, MICHAEL D 


(203)527-3151 E)Cr570 


GOSHEN. IN 4(>526 


QUEBEC 10. QUEBEC 


DEPr OF PHYS & UFE SCI 




(219) 535-7308 


CANADA GIK7P4 


UNIV OF PORTLAND 


FAMILY PRACTICE 




(418)656-3183 


500 N WILLAMETI-E BLVD 


PARISI, ANTHONY J 


ROBBINS, DR HERBERT C 




PORTLA?^. OR 97203 


WRIGHT STATE UNIV SCHOOL 


DAUJVS BAPTIST UNIV 


FARRIFrx. M H 


(503) 283-7175 


OF MEDiaNE 


DALLAS. TX 7521 1-9800 


DEPT OF ENTOMOLOGY 




DAYTON. OH 45401-0927 


(214) 333-5302 


N. CAROLINA STATE UNIV 


EPIDEMIOLOGY 


(513) 376-6711 




RAIJaOH. NC 27695-7613 


KLAAS.JUDYC 


ENDOCRINOL OviV 


(919) 737-2833 


DEPT OFBIOIXX3Y 


{•ISHERIP^ 


CHAVE/. ti SCOIT 




FRAMINOHAM STATE COLL 


WHALLS. MARVIN J 


PA PROGRAM 


HAMAN, A C 


FRAMINGHAM, MA 017O1 


DFn OF BIOL SCIENCE 


IJMV OF NEBRASKA MED CTR 


DEPr OF BIOLOGY 


(617) 620-1220 EXl* 459 


CaL POLYTECH STATE LTSIV 


OMAilA.NE 68105 


UNIV OF NORTHFJ^N IOWA 




SAN LUIS OBISPO. CA 9340" 


(402) 559 5266 


CEDAR FALLS. lA 50614 


EVOLUTION 


(805) 546-1357 




(319) 273-2726 


BOONE. GEORGE C. 




naGRAW. WllXlAM A. 




BIOLOGY DEPARTMENT 


GASTROENTEROIX)GY 


DEPARTMENT OF BIOLOGY 


lOLTON. DONALD KJ 


SUSQUEHANNA UNWI-RSITY 


BARDE. CHRISTOPHER J 


UNIV NEBRASKA AT OMAHA 


DHPT OF BIOL SCTENCES 


SEUNSGROVE. PA 17870 


GIUNTT. VA MEDCTR 


OMAILVNH 68182-0040 


BISHOP'S UNIVERSITY 


(717) 372-4208 


DAYTON. OH 45428 


(402) 554-2401 


LENNOXVILLE, QUEBEC 




(5 1 3) 268-6511 




CANADA JIM 1Z7 


CARICO, JAMES E 


JEGL^. THOMAS C 


(819) 569-9551 


DFjrr OF BIOLOGY 


GENETICS 


DEH' OF BIOLOGY 




LYNCHBURG COLLEGE 


AROGYASAMI. JOSEPHINE 


KENYON CX)lU-nE 


JOHNSON, DONN T 


LYNCHBURG. VA 24501 


DEPARTMENT OF BIOLOGY 


GAMBIER. OH 43022 


DEPr OF ENTOMOLOGY 


(804) 522-8366 


WESTMAR COU.EGE 


(614) 427.2244 


LWV OF ARKANSAS 




liiMARS.IA 51031 




FAYCTTEVILLE. AR 72701 


CHEW. FS 


C712) 546-7081 


GRAY, F FLA RRIET 


(501)575-2451 


DEPT OF BIOLOGY 


HOU.INS COLLEGE 




TUFTS irNlV 


ASin^ON. GEOFFREY C 


H0IJJNSCOUJ;GK.VA 24020 


l^MP. WILUAM 


MEDFOHD. MA 02155 


DEPT OF GENTmcS 


(703) 362-6543 


DEPr OF hWOMOLOGY 


(617) 3S1-3I89 EXT 319.^ 


UMV OFHAWAfl 




UMV OF MARYLAND 




HONOLULU. HI 96822 


RAwrrai. aUaN b 


COLLEGE PARK. MD 20742 


FANNING. MARSIL\ E 


(808) 948-^52 


DEPT OF BIOCHEMISTRY 


(301)454-5875 


DEPT OF BIOLOGY 


UNIV KANSAS MED CTR 




LENOIR-RIfYNE COLUIGE 


BELIMER, SISTER EUZABHTH 


KANSAS cmr.Ki: 66103 


LEONG, KINGSTON 


HICKORY. NC 28603 


TRINITY CX)I-LEGE 


(913) 588-6957 


DEPT OF BIOL SaENCE 


(704) 328-7270 


WASHINGTON. DC 20017 




CAL POLYTECH STATE UNIV 




(202) 939-5190 


SAGE. MARllN 


SAN LUIS OBISPO. CA 93407 


FERNER. JOHN W 


DEPT OF BIOLOGY 


(805) 546-2788 


DEPT OF BIOLOGY 


BERNSTEIN. MAURICE H 


UNlV OF MjLSSOURI 




THOMAS MORE COUJ-GE 


DEPr OF ANAT & CEIJ.BIOL 


ATSTLOLns 


MUSICK, G J 


CRESIMEW HILLS. KY 41017 


WAYNE STATE UNIV SQIOCL 


ST LOLaS, MO 63121 


DEPT OF ENTOMOLOGY 


(606) 344-3374 


OFMIiDICINE 


(314) 553*6218 


UNIV OF ARKANSAS 




DhTROrr. MI 48201 




FAYEITEVILI-E. AR 72701 


GORMAN. MARK 


(313)577-1029 


SCHMIDT, THOMAS J 


(501)575-2451 


BALDWIN- WALLACE COIX 


DEPT OF PHYSIOL & BIOPHYS 




BEREA. OH 4401 7 


BLACK. JOE B 


UNIV OF IOWA 


ODE. PHH JP 


(216) 826-2217 


DEPrOF BIOIXXjY 
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LOUISIANA COU-EGE 
LOUISIANA COLL STATION 
WNHV1LLE,1-A71359 
Ot8) 487*76U 

BOONE. OEOROE C 
B10L(X5Y DEPARTMENT 
SUSQlHiHANN^ UNIVERSITY 
SEUNSGROVE. PA 17870 
(717) 372^208 

BOYNTON. DR JOIIN E 
ST JOSEPH S COU.E0E 
155 ROEBLVD 
PATCHOOUE.NY 11772 
(516) 654 3200 

BROWN, RANDALL E 
HbT^riNGTON COLLEGE 
2303 COU.EGE AVE 
HUNTINGTON, IN 46750 
(219) 356^6000 EXT 2000 

CAMERON, DAVID G 
DEPT OF BIOLOGY 
MONTANA i: TATE UNIV 
BOZHMAN. MT 59717 
(406) 994-2670 

CARICO, JAMES E 
DEPr OFBlOLOCiY 
LYNCHBURG COU.EGE 
LYNCHBLKG, VA 24501 
(804) 522.8366 

QilSlJSR.JOHf.A 
GLENVIU^ STATE COU.EGE 
Gt-ENVILLE,WV 26351 
(304) 462-7361 

CORBEIL. ROBERT R 

DEPT OF MATO & COMPUTER 

SCIENCE 
UNIV OF SAN DIEGO 
SAN Dffi'iO.CA 92110 
(619) 260-4600 EXT 4459 

DAVID. JOHN 
105 TUCKER HAU. 
UNIV MISSOURI 
COLUMBIA, MO 65211 
(314) 882.0120 

DAVIS. THOMAS M 
DEPT OF PIANF SCIENCE/ 

GENETICS 
UNIV OF NEW HAMPSmRE 
DURHAM. NT! 03824^3597 
(603) 862 3217 

DICKINSON, WINIFRED 
DEPT OF BIOLOGY 
UNIV OFSTEUBENVll.l£ 
STEUBENVILLE, OH 43952 
(614) 283-3771 

DOYLE. JAMES 
DEPT OF BIOLOGY 
AQUINAS COLLEGE 
GRAND RAPIDS. MI 49506 
(616) 459.8281 EXT 38? 

FREED, DR /AMES M 
DEPT OF ZOOLOGY 
OHIO WESLEYAN UNIV 
DELAWARE. OH 43015 
(614) 369-4431 EXT 400 



GC)RMAN» MARK 
BALDWIN-WAU-ACE COI-L 
UFE SCIENCE BIJXj 
BEREA. OH 44017 

(216) 826-2217 

GRANT, WniiAM F 
GENETIC45 lABORATORY 
P.O. BOX 4000 
MACDONALD CAMi^US 
McOlIX UNIV 
S TE ANNE DE BELLEVUE 
QUEBEC H9X ICO CANADA 

HEDMAN, STEPHEN C 
DEPT OF BlOUXiY 
221 Ln'E sa BLDG 
UNIV OF MINNESOTA 
DULUni.MN 55812 
(218) 726^8122 

JOHNSON. DAVID W 
DEPl* OF BIOLOGY 
CONCX)RDIA COIU^GE 
MOORHEAD.MN 56560 
(?18) 299-3085 

JOHNSON. IVAN M 
DEPT OF BIOLOGY 
CONCX>RDIA COLLEGE 
MOORHEAD. MN 56560 
(218) 299. 3085 

KONISKY. JORDAN 
SCHOOL OF UFE SQENCES 
UNIVERSOT OF ILLINOIS 
CHAMPAIGN. IL 61801 

(217) 33S-3044 

KRAUSE. DR EUOT 
DEPI OF BIOLOGY 
SETON HALL UNIV 
SOUTH ORANGE. NJ 07079 
(201)761-9532 

LA BAR. MAR-HN 
CENTRAL WESLEYAN 

COLLEGE 
CENTRAI . SC 29630 
(803) 639-2453 

NICKLA, HARRY 
DEPT OF BIOLOGY 
CREIGHTON UNIV 
OMAHA. NE 68178 
(402) 280.2811 

OLIVIERE. JAMES 
P.O. BOX 271 

MONTGOMERY. AL 36195 
(205) 293-4467 

PIPERBERG.JOELB 
DEPT OF BIOLOGY 
SIMMONS COLLEGE 
300 THE FENWAY 
BOSTON. MA 02115 
(617)738-2196 

SBAGER. BOB 
DEPT OF BIOLOGY 
UNIV OF NORTHFJIN IOWA 
CEDAR FAU^.IA 50614 
(319) 273-2670 

SHAH, M I 

DEPI* OF SQENCE & MATH 



RUS r COII^GE 

HOIXY SI>RIN0S. MS 38635 

(601)ZS2>4661 

SKAVARIL. DR RUSSEU- V 
DliPT OF GENtmCS 
OHIO STA TU UMV 
COLUMBUS. OH 43210 
(614) 422-1310 

STANSHELD. WIUJAM 
DEPT OF BIOL SCIENCE 
CAL POLYTKCH S TAI E UNIV 
SAN LUIS OBISIK). CA 93407 
(805) $46-2875 

STONE. LARRIE E 
DANA COIi.EGE 
BLAIR. NE 68008 
(402)426.4101 EVT 229 

TAUB,STEl>HANR 
DEPT OF BIOLOGY 
GEORGE MASON UNIV 
FAIRFAX. VA 22030 
f;03) 323-2181 

TORRES. ANDREW M 
DEPT OF BOTANY 
UNIV OF KANSAS 
UWRENCE. ES 66044 
(913) 864^257 

ULRICH. KARL 
WESTERN MONTANA COLL 
UNIVERSITY OF MONIANA 
Dn.l/)N. MT 5972S 
(406) 683-7358 

VAN AMBURG. GERALD L 
DEPT OF BIOLOGY 
CX)NCORDIA COLLEGE 
MOORHEAD. MN 56560 
C218) 299-3085 

VERCH. RICHARD 
DEPT OF BIOLOGY 
NORTHLAND COLLEGE 
ASHi-AND. WI 54806 
a 15) 682^531 EXT 335 

WALKi'R, RiaiARD 
STERLING COLLEGE 
STERLING. KS 67579 
(316) 278-2173 

WILHELM. DAIXAS 
DEPI* OF BIOLOGY 
HASTINGS COLLEGE 
HASTINGS. N*E 68901 
(402) 461-7382 

WOlJ?, THOMAS M 
DEPT OF BIOLOGY 
WASHBliRN UNIV OF TOPEKA 
1700 COLLEGE AVE 
TOPEKA. KS 66621 
^913) 295-6768 

HEMATOLOCV 

GHADY. DAVID V 
DFJ^T OF BIOL SCIENCES 
CAL POL> TECH STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2883 

KEETE. J RICTURD 



DEPT OF ANATOMY 
CASE WESTERN RESERVI: U 
CTJGVELANI). OH 44106 
(216) 368-2656 

HISTOlX)GV 
ADAMS. DON 
DEPP 01'- VEIERINARY 

ANATOMY 
IOWA STATE UNIV 
AMES. lA 5001 1 
(515) 294.7710 

BENNXIT.TOOMASE 
DEPr OF BIOLOGY 
BELLARMINE COl.U'GE 
NEWBURG ROAD 
LOUISVILLE. KY 40205 
(502) 452-8198 

BERNSTEIN. MAURICE H 
DEPI* OF ANAT * CELL UIOl. 
WAY^a: STATE UNIV SCHOOL 

OF MEDICINE 
DETROIT. MI 48201 
(313) 577-1029 

BIACK. JOE B 
DEPT OF B101XX3Y 
LOUISIANA COLLEGE 
LOUISIANA COLL STATION 
PINEVQ-UMA 71359 
l3l8) 487-7611 

HAKIM. RAZIEL S 
DEin* OF ANATOMY 
CX>LLEGE OF MEDIUNE 
HOWARD UNIVERSITY 
WASHINGTON. DC 20059 
(202) 636-6555 

HART^IS. THOMAS M 
DEPT OF ANATOKfy 
MEDICAL COLL OF VIRGINU 

BOX 709 
RICHMOND. VA / 8-0001 
(804) 789-9534 

HKRRON'. MARY A 
BIOMED LEARNING RES CTR 
COII^GE VEIT-RINARY MED 
TEXAS A&M UNIV 
COIXEGE STATION. TX 77843 
(409) 845-1780 

JENSH, RONAl J) P 
DEPT OF ANATOMY 
JEFTERSON MEDICAL COIX 
1200 LOCUST ST 
PHIIADELPHIA. PA 19107 
(215) 928-6633 

KEETE, J RICHARD 
DEin- OF ANATOMY 
CASE WESTERN RESERVE U 
a-EVELAND. OH 44106 
ri 16) 368-2656 

KESSIi-R. SISTER IRW 
DEPT OF BIOLOGY 
COU.EGE OF ST ELIZABETH 
CONVENT STATION, NJ 07961 
(201) 539. 1600 

MEYERS. PAUl.E 
DEPI* OF BIOL aiEM & 
STOUCrURE 
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lllKailCACiOMHUSCM 
3M3 (IRHIiN BAY RD NOR'IH 
OIICACiO \l, 60064 
(70S)?i78*30O0BXT4SS 

MICKUS. JOIIN 

DIOT OF BIOLOGY 

IliJNOlS BENEl>ICnNR COLL 

LISI-EIL 60532-0900 

(312) 960^1500 KV1S09 

PADAWm^, JACQUES 
DHPT OF ANA r & S'lKUCI* 

BIOLOGY 
AlJiKRT niNSTLTN COU. MEl) 
BRONX. NY 10461 
(212) 430-3057 

PAULSEN. IX^UGIJVS V 
DEFT OF ANATOMY 
MOREHOUSK SQl OF MllD 
720 WKSTVIHW DR SW 
ATl-ANTA. GA 3O310 

(404) 752- 15 59 

VOORHEF:S, FTtANK RAY 
DUVT OF BIOIXX3Y 
CEN'ITUL MISSOURI STATE 

UNIV. WCM 306 
WARRFNSBURG, MO 64093 
(816) 429-4933 

WiLUSTON, JOHN S 

mn OF BIOLOGY 

SAN FRANCISCO STATE UKIV 

1600 HOLLO WAY AVE 

SAN FRANCISCO, CA 941 32 

(415) 584-5319 

IMMUNOLOGY 

Al^RirrON, WI11.1AM L 
DHPT OF MICROBIOLOGY 
UNIV OF SASKATaa- WAN 
SASKATOON. SK S7N OWO 
CANADA 
(306) 966-4306 

BAim, JOHN M 
DFPT OF BIOLOGY 
BRHraA COLLEGE 
120 WEST SL^^ENTH ST 
OWILNSBORO, KY 42301 
f502) 685-3131 EXT 276 

BRAWN^3^. 'HIOMAS A 
Dl'PARTMENT OF B10UX3Y 
CARTHAGE COIXI-GE 
KENOSHA, W1.S3U1 
(414) 551-8500 EXT 373 

CREirrZ, CHARLES 
DEPr 0FBI01XX3Y 
UNIV OF TOLEDO 
2801 W BANCROFT ST 
TOl J-DO, OH 43t06 
(419) 537u*159 

DRU1^CKER. }\Y DEE 
aiADRON STATE C0LI>;GH 
QIADRON. ^:E 69337 
(308) 432-6298 

VkALU LEO 

PJUIXIPS UNIV 

BOX 2000 UNP/ STATION 

ENID, OK 73702 

(405) 237-4433 EXT 398 



LA BAR, MAR'HN 
CHN'mAL WESIilYAN CXDLL 
CHNTOAL, SC 29630 
(803) 639-2453 

UJVINSON, WARREN 
DF.Pr OF' MICROBIOLOGY 
IWIV CAUF. SAN FTlANCISa) 
SAN I'lUNaSCO, CA 941 43 
(415) 476-8197 

SMTI'H, ROGER 
DF:rT VFT PATHOLOGY 
nCXAS A&M UNIVliRSriT 
COU-EGE STAITON, TX 77843 
(409) 8450827 

SPrr/NAGEU DR JOHN K 
DF:n' OF' MICROBIOLOGY A 

IMMUNOIXKIY 
EMORY UNIV SCH OF MED 
502 WOODRUFT Ml-.M BLDG 
ATLANTA, OA 30322 
(404) 727-5947 

STANSFTELD, WIU.IAM 
DEFT OF BIOLSCIENCl^ 
CAL POLYIT/H STATE UNIV 
SAN LUIS OBISPO, CA 93407 
(805) 546-2875 

VOORHEES. ITtANK RAY 
DEiT OF BIOLO(iY 
CENIKAL MISSOURI ST ATI- 

UNIV. WCM 306 
WARRENSBURO, MO 64093 
(816) 429-4933 

wnilELM* DALIJVS E 
BIOLOGY DEPARTMENT 
lUS HNGS COLLEGE 
HASllNQS, NH 68901 
(402)461-7382 

WOIJ-', IHOMAS M 
DEIT OF BIOLOGY 
WASHBURN UNIV OFTOPEKA 
1700 COLLEGE AVE 
TOPEKA. KS 66621 
(913) 295-6768 

INSTRUCTIONAL DESIGN 
HEESTAND» DIANK 
I EARNING RESOURCES 
MERCER SCH OF MEDICINE 
MACON, GA 312^; 
(912) 744-4026 

INTKRNAL MEDICINE 
BETESH, DR JOEL 
IJVWRENCE PARK MEDICAL 

OFFICE 
200C SPROUl- ROAD 
BROOMAU., PA 19008 
(215) 359-1355 

TALLEY, ROBERT C 
UNIV OF SOUTH DAKOI A 
2501 W 22ND ST 
SIOUX FALLS. SD 57101 
(605) 339-6790 

WAIVERS, IJ20E 
UNIVERSri Y HOSPITAL 
NEW JERSEY MED SCH 
lOOBFJ^CEN ST 
ROOM 1-247 



NEWARK. NJ 07103 
(201)4S6-6(«7 

LABORATORY MKblCINK 
RNF. JAMES S 
niiPTLABMia) SB. 10 
UNIV OF WASlUNCn ON 
SFIATFLE.WA 98195 
(206)548-6131 

UMNOlX)OY 

WHAU^. MARVIN J 
DEPTOFBIOL SaRNCE 
C:AL POLYll^CH STATE UNlV 
SAN LUIS OBISPO. CA 93407 
(«05) $46-1357 

uvESTocK produi:tion 

O'.TJIJN. J W 

DFJM' OF ANIMAL SCIENCE 
OKIAHOMA STATE UNlV 
STULWATER. OK 74078 
(4(^) 624-6070 

MARINE SCIENCE 

BOYNTON, DR JOHN E 
ST JOSEPH'S COIUiGE 
155ROEBLVD 
PATCTIOOim, NY 11772 
(516) 654*3200 

TORIT^ER, ROSANNE 
Oino STAiTJ UNIV 
SaiOOL OF NAl' RES 
2021 COni-Y ROAD 
COLUMBUS. OH 43210 
(614) 422-2265 

SINGLiri ARY, ROBERT L 
D^'n'OF BIOLOGY 
LTs'IV OF BRIDGEPORT 
HR11X5EP0RT. CI' 06CM)1 
C203) 5764265 

MEDICAL TECHNOLOiSY/ ASST 
GRADY. DAVID V 
DliPT OF BIOL SCIE^:C^iS 
C^l. POLYTECH STA IT; UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546^2883 

KIAAS, JUDY C 
DEPT OF BIOLOGY 
rRAMlNGHAM STArF COLL 
BOX 2000 

HKAMINGHAM. MA Ol70i 
(617) 620-1220 EXT 459 

ZEHTER. SHIRLEY 
DAVENPORT COLLEGE 
415 EAST FTJLTON 
GRAND RAPIDS, MI 49503 
(616)451-3511 

MICROANATOMY 

CARHTIERS. JEANTNE 
DEPl VEl* ANATOMY 
IOWA STATE UNIV 
AMES, lASOOll 
(515) 294-78/5 

FTiEBACK. DANIEL 

DEn* OF ANATOMICAL SO 

PO BOX 26901 BMSB540 

UNIV OKL\ HEALOI SO CTR 

OKLAHOMA OTY, OK 73190 

(405)271-2377 



MICROBIOIjOGY 

ALnRHTON, WILLIAM L 
DEPl OF' MlCROBlOLCXn' 
UNiV OF SASKATCHfiWAN 
SASKATOON. SK S7N OWO 
CANADA 
Ci06) 966 4306 

ARCKSYASAML JOSFPHINE 
DEPrOFBIOIXXiY 
WF:STMAR COLLhU.'; 
LEMARS. lA 51031 
(712)546-7081 

BAUR. JOHNM 
DEIJT OF BIOLOGY 
BRI^OA COU.EGE 
OWTiNSHORO. KY 42301 
(502)685-3131 EXI'm 

BRAWNKR.IHOMAS A 
DEIT OF BIOLOGY 
CARTHAGE a)U.EGE 
KENOSHA. Wl 53141 
(414) 551 -8500 EXr 373 

CALDWWX. IX^UG 
DEPTS OF APPLIED MICRO- 

BIOUXJY & F'OOD SCIENCE 
UNIV OF SASKATCHEWAN: 
SASKATOON. SK S7N OWO 
CANADA 
(306) 966-5026 

DIIi^HAY.DR JANE 
DEn OF BIOLOGY 
GALIAUDLT COLIJ-GI- 
WASIUNGION. DC 20002 
(202)651-5531 

DOYLIi. JAMES 
DErrOPBIOLXX]Y 
AQUINAS C0LLE<1E 
GRAND RAPIDS. MI 49506 
(616)459-8281 EXT 387 

I'ISENS TARK. A 
DEPT OF BIOL SCIENCE 
UNIV OF MISSOURI 
COLUMBIA. MO 652U 
(314) 882-7098 

EI XJER. DR HEITY 
DEJT OF BIOIXXJY 
GEORGIA SOUrUWESTTRN C 
AMERiaJS.GA 31709 
(912)928-1250 

GIBSON, IJNDA 

DEPr OFBIOLCXjY 

EASTERN WASinNCTON UNIV 

CHENEY, WA 99004 

(509) 359-2845 

GRADY, DAVID V 
DEPT 01- BIOL SCUJNCES 
CAL POLYTECH SI Al>: UNIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2883 

HAGEN. THOMAS J 
DErr OF MlCROBlOLCXrY 
UMVERSrrY OF GEORGIA 
ATHFNS. GA 30602 
(4'^-' ^ 542-2682 

HAU.. LEO 
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AIMS AND SCOPE The go^lofCofrtfyuters inLife Science Educalionis loprovidcameansof conimunicalionajiiong 

life science educators who anticipate or are currently eniploying t)ic computer as an educational 
tool. Tl)c range of conlcnt includes, but is not limited to, articles focusing on computer ap})li- 
cations and tlieir underlying philosophy* reports on faculty/student experiences with computers 
in teaching cnviroTunenls, and software/hardware reviews in both basic science and clinical 
education settings. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals otCofnputers in Life Science Education are invited for possible 

publication in the newsletter. 

PREPARATION AND SIJBMI&SION OF MATERIAL 

Artlcleii submitted for publication should be typewritten, double spaced, wiili wide margins. The 
original and two copies including two sets of figures and tables should be sent to the Editor: 
Dr. Harold Mo4lell,NRCLSE, P.O. Box 51 187, Seattle, WA 98115-1187. 

I'ltle page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

lUuKtrations should be submitted as original drawings in India ink or sharp, unmounted 
phott>graph5 on glossy paper (Laser priiitcr output is acceptable). The lettering should be such 
tliat it can be legible after reduction (width of one column ^ 5.7 cm). 

Reference style and form should follow the "number system willi references alphabcti?.cd" 
described in the Council of Biology Editors Style Manual. References should be Hsled in 
al])}iabctical order by the first author's last name, numl>crcd consecutively, and cited in the text 
by these numbers. 

RESPONSIBILITY AND COPYRIOIfl 

Authors are respimsible for accuracy of statements and opinions expressexl in articles. All auiliors 
submitting manuscripts will be sent a copyright transfer fonn to complete. Hie completed fonn 
must be returned before tlie work will be publisticd. 



SUBSCRIPTION INFORMATION Computers in Life Science Educaiion is \)Mishcd monthly by National Resource for Computers 

inLifeScienceEducation.P.O.Box51 187. Seattle, WA 98115-1187. Subscription rale is$40.0() 
for 12 issues, including postage and handling in the United States. Canada, and Mexico. Add 
$20.00 for postage (ainnail) in Europe and Soulh America and $23.00 for the rest of the world. 

Tliis newsletter has been registered wilii the Copyright Clearance Center, Inc. Consent is given 
for copying of articles for persimal or internal use, or for the personal or ».nlemal use of specific 
clients. This consent is given on the condition that the copier pay through. tlieCenlcr the per-copy 
fee stated in the code on the first page for copying beyond that permitted by the US Copyright Law. 
If no code appears on an article, the autlior has not given broad coasent to a)py and permission 
to copy must be obtained directly from the author. This consent does not extend to oilier kind.s 
of copying, such as for general distribution, resale, advertising and promotional puqxises, or for 
creating new collective works. 

Address orders, changes of arldress, and claims for tnissing issues to NRCLSE. P.O. Box 5 1 1 87. 
Seattle, WA 981 15-1 187. Claims for missing issues can be honored only up to three months for 
domestic addresses and six montlis for foreign addresses. Duplicate copies will not be sent to 
replace ones undelivered due to failure to notify NRCLSE of change of address. 

Addre>ss editorial correspondence to Han)ld I. Modcll. PhD. NRCLSE, P.O. Box 51 187. Seattle. 
WA 98115-1187. (BITOETM0DELL(§>UWAUX:KE) 
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DESIGNING COMPUTER BASED 
TUTORIALS TO REINFORCE 
REASONIN(i SKILLS 



Harold I. Moclell 

Naiumut Rrsouri e for Coni^^ulers in Lijc Si lence ilducaium, Se.aitlv, Washin^Um 



Ralpl). in his rcccm description of biol- 
ogy courseware dcvelopmcni for inuler- 
gradiiaics, made ihc inicrcsiiiig obscrva- 
lion dull college sludcnLs seem lo prefer 
working with courseware having a tuli)- 
rial raiher lhan a simulation format/ 
Whal distinguishes a "tutorial" from a 
"simulation"? From a student's pcrsi)cc- 
tive. ilie "Uilorial" is designed lo impart 
specific information, while the simula- 
lion is designed to provide an environ- 
menl in which the student "discovers" in- 
Ibrinalion. Perhaps {\\o. apparent prefer- 
ence for tulorials rcllccls the iraini ng that 
most siudenLs receive, beginning in high 
schcK)] and coniinuing llirough their 
undergraduate (and. in some cases, their 
graduate) ciu-eers. IIjc entering medical 



studcnl. for example, is a highly competi- 
tive individual whos<! le^irnmg skills 
fiavc l>een directed toward achieving 
high scores on fact oriented, multiple 
choice examinations.*' How many times 
have we heard students siiy/'Just tell me 
whal I need lo know lo pass the exanj!" 

The traditional luiorial formal d(vs jusi 
ifiai. .Screens of information are pre- 
sented, someiiujes vviih color illusU^a 
lions, animaiion or oiher aiienlion-get- 
ling devices, followed by a series ol 
(juestions. Based on the student response 
lo the tiuesiions. additional information 
is presented, again in a manner ihai re- 
(juires Uie siudeni only to serve asa recep- 
tacle for the information. 

A successful sciencecurricuhun should 
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FIOt'RK 1. Scnes of screens frofri osnU)sis lulorial ilcmoaslraling l}ic result of placing a 1% sucrose solution on one side of a scmipcnncablc 
toembrane. Z^// /'an^/ ;Thc experimental sciup is explained. M/c/c/Z^/'an^/.' The experiment is defined. Right Pamd: The rcsulLs of the experiment. 



be directed toward helping ihe student 
develop investigative problem solving 
skills in addition lo providing content 
information in a specific discipline and 
promoting a positive altitude toward sci- 
ence. In other words, the curriculum 
should deal with the scientific reasoning 
process as well as specific factual con- 
tent. Computer-based learning materi- 
als, as part of such a curriculum, should 
also help students develop their reason- 
ing skills. 

Traditional tutorials, however, seldom 
include a component designed to rein- 
force scientific reasoning or problem- 
solving skills. What options are avail- 
able for including such a componcni? 
Some authors have incorporated simula- 
tions into teaching programs.^-^ In these 
programs, students predict how the 
model will behave under a specific set of 
conditions. The model is then mn, and 
descrepancies between tlie predictions 
and the actual model results are **dis- 
cussed** with tlie student. The objective 
in these exercises is to help students 
develop the ability to analyze the behav- 
ior of complex systems. 

Another approach is to reinforce the 
notion of posing and testing hypotheses 
by having the students lest their answers 
(hypotheses) lo the tutorial questions by 
running experiments. In this case, simu- 
lations are again incorjwrated into the 
tutorial. A recently developed tutorial 
dealing with osmotic pressure and os- 
motic relationships serves to illu.strate 



lliis approacli. 

The tutorial begins with a demonstra- 
tion of water movement in an osmometer 
after a 1% sucrose .solution is added to 
one side of the semipermeable mem- 
brane (Figure 1). Tlie next several 
.screens ask the student what took place, 
explain the phenomenon, and define 
osmotic piessure. In asking the student 
what happened, the program begins to 
deal with the process of data gathering. 
Tlie student is then asked whether the si/c 
of the particles, the number of particles, 
or both determine the osmotic pressure 
(Figure 2). No information regarding the 
answer to tliis question is presented in the 
previous screens. Thus, the student nrast 
form an hypothesis. In the example 
shown in Figure 2, the student has hy- 
pothesized that the size of the molecules 
is an important factor. The program then 
allows the student to te.st this hypothesis 



Now thAt we havp a*fin«»a oswotio 
pressure .... 1 « it 

A> the %it9 <e.9.. Molecular weight) of 
tite p«rt i olcv 

B) the number of particles 

C> both the size A nunber of particles 

on one side of *^he %ei*ii perneabl e 
r«enbr«ne that detprmne* the osMotic 
pres sure? 

CHOICE? A 



(press Baol<»ipaoe to revUw aefioition) 



by providing a simulated osmometer 
with several choices for the molecules 
placed on one side of the osmometer 
membrane (Figure 3). Upon completing 
the experiment, the student may choose 
to run another experiment or choose to 
slop gathering data. Ifthe student has not 
run at least two experiments, the program 
reminds him that there is insufficient data 
with only one experiment to test the pro- 
posed hypothesis. The student must then 
run a second experiment. If sufficient 
daia have been gathered to test the hy- 
pothesis, llie program asks if the data 
support the proposed hypothesis. The 
program response provided following 
the correct choice reinforces the ob- 
served results of the experiment rather 
than rcsuting the correct answer. 

PRO.S AND CONS 

It is clear iliat this approach forces the 



Lett's run som«» exp»i>iH«nts to find out 
it you are correct. 

Vour h«jpothesis is that p^»rt 4 c I e 
sizp <lpxernine% the osnotic 
pr«> s surp . 



(press an;^ k#* to continue) 



FKiURK 2. The student is asked a question without the benefit of prior information from iJic 
tutorial. The answer becomes an hyfx^ihcsis to be tested {see text). 
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siudciu U) engage more actively in a sci- 
cniinc reasoning pnxrcss than ihc nu)rc 
inuJilional Ibiinai ihai prcscnis infonna- 
lion and reinrorccs iluu infonnalion by 
asking faci-based questions. Ii is also 
clear ihai this luiorial Uikcs more lime lo 
complete than a iradilional luiorial cov- 
ering die same inlonnaiion. One niusi 
ask if diis lime is well speni. Thai is, will 
siudents using (iiiorials ol ihis design 
begin applying ihe hy|xiihesis posing- 
lesiing approach looiher modesof siudy? 
li is doubiful lhai one luiorial would have 
such an impaci. However, when a criiical 
mass of luiorials wiih Uiis design have 
been developed, studies can Ix^dcsigneil 
lo address ihis question. 

(:()N( LllSION 

We must, when designing luiorials, ad- 
dress tlie issue of whether such .software 
should focus exclusively on content or 
should process also Ix^ an important con- 
sideration. If, as teachers, we feel that 
knowing how lodeal with informalion is 
as important a lesson as tlie sp^urific facts 
of a content area, we must do more to 
incor]X)rale pr(K:e,ss into our iciiching 
materials. Perhaps using "simulations" 
as a vehicle for as.sessing responses in 
''tutorials" will provide ihe added ingre- 
dient that iridy distinguishes the com- 
puter tutorial from ilie high-tech text- 
book, 
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I'Ktl'KKS. A scries of screens presenled inresjxinse lo ihosludcnr.s hy{>olho.sis lhal pariiilesi/e 
deicnnine.s osinolic pressure. Vppvr Irfl: The available exjxniinenLs are defined. Upprr ri^ht 
Tlie siudenl has run an experina'nl wiih glucose. Ltpwrr ieji The sludeni hits decide<l lo suip 
collecting data and niusi nuike a conclu.sion ba.scd on ihe observed dala. I,aw4'r ri^hi The 
program reinforces ilje corrcci conclusion. 
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The pnmaij^oal of ihc Naiional Rc- 
.soiuvc r(||woinpulcr.s in Life Science 
r\ducali()iuNRCT,SI* ) i.s U) culiivaic col- 
blK)raiivc effori.s among life .science 
faculty inlcic.slcul in jising ihc conipuler 
a.s a leaching lool. 

Hie listing ihai follows is a coniinu- 
aiion of Ihc lyyOdireciory publishe^l lasi 
monih. liisupdaicd Ironiihe 19KH-89di- 
ra'loryand was drawn prinuu ily from re- 
.spondcnLs to (jucslionnaires primed in 
CLSI: (.sec page K in the Jiuuiary CM SM). 
Ii is imendcd lo help readers idcniify col- 
leagues widi common imeresi areas. 

The listings are aminged by ihe conicni 
areas idem i Tied in re.sjK)n.sc lo ihe ques- 
tion, "What conleni areas do you le^ichV" 
As a rcsulL entries may apj)ear under 
more tlian one heading. 



Alihough every aliempi has been made 
10 ensure ihal the informalion is cmreni 
and correci, il is likely lhal .some errors 
apivar in ihis lisi. We apologi/e in ad- 
vance for any inconveniences thai may 
ari.se due lo such oversighis. 

11 you are awareoroiliercolleagues thai 
should be listed, please encourage them 
10 reiiim the (juesiionnaiie ihat appeared 
on page H of ihe January issue of CI .SI-,, 
or send ilieir names, addre.s.ses, plDUt 
nun)l>crs, BITNllT addres.ses.and u\u!. 
ing conicni areas lo: 
NRCT.SH 
P.O. Box .S11K7 
SeaUle,WA9Sll.S-llH7 
or let us know via BriTNJIlT. NRCl.SIi's 
UlTNFtT address is M()l)i;i.l.(fi) 
IJWAIXK^KF.. 
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PIIARMACOl/)GY 

BEHKI., MARGAREl A 
ROinTi 3 BOX 77 
Pini. CAMiniKU.. AI. 35583 
(205) 993 5331 

CONAHAN. SHAWN T 
DKPr OI-PHYSIOI.CXiY 
LOUISIANA STATl: UNIV MliD 

CUSVER 
1901 PHRDIDO ST 
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(504) 582-5783 

CfOLDSTIilN. DORA B 
DHFI OF PIlARMACX)L(XiY 
STANI-'ORI) L'NIVKRSrrY 
SCHOOL Ol' Ml-DKINK 
STANFORD. CA 94 305 
(415) 723-6038 

OWINN. DR JOHN F 
DLFF OF BIOLOGY 
UNIV OF AKRON 
AKRON, OH 44325 
(216) 375-7160 

HAGHN. STAN1.F:Y VON 
DFPT OF PIIARMACX)I OGY 
M-W n-RSHY M!:D SCIUX)!. 
Nl-WARK.NJ 07103 
(201)456*4385 

SPECHT. PHILIP C 
PHARMACOIXXjY DHPr 
LPR MEDICAL SCHOOL 
GPO BOX 5067 
SAN JUAN. PR 00936 
(809) 758 Z525 EXT 1300 

spyker d a 

univ of virginia school 
of medicini; 

BOX 484 

MEDICAL CENTER 
aiARlXyiTESVU.Iii. VA 22908 

STULL, RiaURD E 
BOX 522 

UNIV ARKANSAS MED SOI 
Un*LE ROCK. AR 72205 
(501) 686 6057 

PHYSIOLOGY 

ABRAHAMS. VC 
DEPT OF PHYSIOLO(}Y 
QUEEN S UNIVERSITY 
KINGSTON. OVTARIO K7L 3N6 
CANADA 
(613) 547-3022 

AMl.ANER»aiARIJuS J Jr 
DEIMOFZOOIXXjY 
UMV OF ARKANSAS 
FAYETTEVILLE. AK 72701 

AROGYASAMT. JOSEPHINE 
DEPARTMENT OF BlOlXXiY 
WI-STMAR COU.EGE 
U-MARS.IA 51031 
(712) 546-7081 

BASHOR. DAVID P 
DEPr OFBIOIXXiY 
UMV N CAROUNA AT 

CHARLOITE 
aiARLOlTE. NC 28223 



(704) 597-4047 

BAUR. JOHN M 
DEIT OFBIOIXXIY 
BRESCIA COLIi'GE 
120 WEST SEVIXm ST 
OWENSBORO, KY 42301 
(502) 685-3131 EXT 276 

BENN^T. THOMAS E 
OEPT OFBIOIXX3Y 
BEUj\RMLNT: COU.EGE 
NEWBURG ROAD 
IX)U1SVILLE. KY 40205 
(502)452-8198 

BERG. VIRGINIA 
DI-IT OF BIOLOGY 
UNIV I F NOR HIERN IOWA 
CEDAR FALUS.IA 50614 
(319) 273-2770 

BERGQLMST. BART 
DEPP OF BIOLOGY 
UNIV OF NORnn-RN IOWA 
CEDAR FALI^.U 50614 
(319) 273-2723 

BEUMER. RONAI B J 
BIOLOGY DEPr 
ARMSTRONG STATE COUJXJE 
SAVANNAH. GA 31419 
(912) 927-5314 

BORQUl-Z, DR RICARDO li-ON 
LTS'IV AUTO GUADAIJVJARA 
LOMAS DEL VALlii lERA 

SECC 
GUADAIJ\JARA 
r.^XlCO JAL 1-440 

BOYLE, JOSEPH 
DEJT OF PinrSlOlXXJY 
NEW JERSEY MED SOIOOL 
185 S ORANGE AVE 
NTiWARK, NJ 07103 
(201)456-4464 

BROOKE, Dr JOHN D 
NT-UROPHYSIOLOGY lAB 
U'NIVI-RSITY OF GUELPH 
SCHOOL OF HUMAN BIOLOCiY 
GUELPH. ONTARIO NIG 2Wl 
CANADA 

(519) 824^120 EXT 3416 

BROWN. DAVID E 
DEPT OF ANIMAL SCIENCE 
UNIV OF* NTiVADA AT RENO 
RENO. NV 89557-0004 
(702) 784-1629 

BROWN. IJ^S 

DEFT OF NATURAL SQENCES 
GARDNER-WEBB COli^KGE 
BOnJNG SPRINGS. NC 28017 
(7tM) 434-2361 EXT 247 

BROWN. RANDALL 11 
HUNTINGTON COU.EGE 
2303 COUJiOE AVE 
HUNHNGTON. IN 46750 
(219) 356-6000 EXT 2000 

BROWN. SCaiT 
DEFl' OF PHYSIOLOGY 
UNlVERSn*Y OF GEORGIA 



COLL OF Vin'ERINARY MED 
AlllENS.GA 30602 
(404) 542 S860 

BRUM1.EVE, STANLEY J 
DEP^r OF PHYSIOIXXJY 
SCHOOL OF MEDICINE 
UNIV OF NORTH DAKOTA 
GRAND FORKS, ND 58202 
(701) 777^3974 

BUaiHOl^ ROBERT H 
DEPT OF BIOLOGY 
MONMOUTH CXM.U'GE 
MONMOUTH, IL 6146? 
(309) 457-2350 

BURNS, DR THOMAS A 
DEPT OF BIOLOGY & 
MICROBIOLOGY 
NOR'niWESlERN SKATE L'NIV 
NATCIUTOaiES. U 71497 

(318) 357-5323 

CAMIiRON, DAVID G 
DEPT OF BIOLOGY 
MONTANA STAIT: UNIV 
BO/.EMAN.Mr 59717 
(406) 994-2670 

CAMPBELL, KENNEI H 
VCAPP 

WASIUNGTON S TATE UNIV 
PULLMAN, WA 99164-6520 
(509) 335-6621 

C-AMPBFJ.L. KEVIN P 
DIOTOF PirVSIOL & BIOPHYS 
LTSTV OF IOWA 
IOWA CITY.IA 5 2240 

(319) 351-5833 

CHEW, CAIIIERINES 
DEPT OF PHYSIOLOGY 
MOREHOUSE SCHOOL OF 

MEDICINE 
ATlJVOTA,CiA 30310-1495 
(404) 752-1692 

anSLER. JOHN A 
GLHNVIUii STATE CX)LI>:UE 
G1J£NV1LLE, WV 26351 
(304) 462-7361 

CHRISTonTiRSON. JAY P 
DEPT OF BIOIXXjY 
CAUTORNIA STATI-; UMV AT 

STANISIj\US 
TURLOCK. CA 95380 
(209) 667-3476 

Cl^RK. FRANCIS J 

DEPT OFPHYSlOIXXiY 

UNIV OF NEBRASKA MED CllK 

42ND A DEWEY AVE 

OMAHA. NE 68105 

(402) 559-6478 

CLARK. JAMES R 

DEPF OF ANIMAL saENCE 

TEXAS ITiai UNIV 

PC BOX 4 169 

LUBBOCK. TX 79409-4169 
(806) 742-2469 

COCKFllHAM. BIIJ. 
FTO^SNO PAanC COU.EGE 



1717 S aiESTNUT 
FTUiSNO.CA 93702 
(209) 453-2045 

CONAHAN. SHAWN T 
DEPr OF PHYSIOLOGY 
LOUISIANA STAI E UNIV MliD 

cf:nter 

1901 PfiRDIDOST 

NEW ORIJiANS, \A 701 12 

(504) 582-5783 

a)NSlGNY, P MACKE 
DEPr OF PHYSIOLOCjY 
MEDICAL COLLEGE OF 

PENNSYLVANIA 
3300 HENRY AVE 
PH11J\DELPHIA. PA 19129 
(215) 842-7059 

CTTHNA.JOSEFA M 

DEPr ofuft: shenchs 

NEW YORK INS r OF TECTI 
OLD WF:STBURY. NY 11568 
(516) 686*7622 

CTIENA. EUGEMO MARTIN 
DPIO DE BIOLOGIA ANIMAL 
FACUITAD OE CIENCIAS 
UNIVERSIDAD DE GRANADA 
GRANADA. SPAIN 
202212 EXT 243 

DE JONG, ALVIN A 
DEPT OF BIOL SCB-NCE 
CAI. POI.YTECH STAIT: UNIV 
SAN LUIS OBISIK). CA 934(r7 
(805) 546-2209 

DEGRAW, WUi.lAM A 
DI-PARTMENT OF BIOLOGY 
LTMIV OF NEBRASKA 
OMAHA, NH 68182-0040 
(402) 554-2401 

DICKINSON. PROF C JOHN 

DEPl OF MFJDiaN-E 

ST BAR'mOLOMEW S HOSP 

MEDICAL COU.EGE 
WEST SMITHFIEID, LONDON 
ENGLAND F:CIA7BE 

DICKINSON, WINIFTIED 
DEPr OF BIOLOGY 
UNIV OFSTEUBENVB.LE 
STEUBENV1LI£. OH 43952 
(614) 283-3771 

DIGGINS. MAUTIEEN 
DEPT OFBIOIXXJY 
AUGUSTANA COLUXJI: 
29111 STANDS SUMMIT 
SIOUX FAU^. SD 57197 
(605) 336-4809 

DOB SON. ALAN 
DEPT OF PHYSIOLOGY 
NYS COLLEGE OF VIT MED 
CORNI-U. Ui^TV 
miACA. NY 14853 
(607) 253-3847 

DOV};. LEWIS 
DEPl* OF BIOL SCn-NCES 
WI-STERN ILLINOIS UNIV 
MACOMB, IL 61455 
(309) 298-1166 
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DRU1:CKI:R, JAY DHE 
CHADRON STATH COUJ'OE 
aiADRON.NK 69337 
(308) 32-6298 

UUGGAN. ELKANOR L 

BIOLOGY DEin' 

UMV OF NORTH CAROIJNA 

AT GRHHNSHORO 
GREENSBORO. NC27412'5{X)1 
(919) 379-5839 

EI J>HR. DR BiriTY 
DEPT OFBIOIXXjY 
GI:ORGIA SOi;niWEST!{RN 

cou>:gh 
americus.ga 31709 

(912) 928-1250 

ERICKSON. HOWARD H 
DEPT OF A SAT & PHYSIOL 
(X)Ii. OF VETERINARY MED 
KANSAS STATE UNIVT-RSHT 
MANTIAITAN, KS 66506 

(913) 532-45U3 

EUSTISTUTIF. EI.lZAHfnH 
BOX 694, MCV STATION 
MEDICAL CXIUEGE OF 

VIRGINIA 
RICHMOND. VA 23298 
(804) 786-9824 

FANNING. MARSHA E 
DEFT OF BIOLOGY 
I^NOIR-RHYNE <X)LLEGE 
IflCKORY. NC 28603 
(704) 328-7270 

FERNER, JOHN W 
DEFT' OF BIOLOGY 
niOMAS MORE COLIJ:GE 
CRESTVIE-W HILLS, KY 41017 
(606) 344-3374 

FRQ: D. DR JAMES M 
DEPT OF ZOOLOGY 
Oino WESLEYAN UMV 
DEI J\WARE. OH 43015 
(614) 369-4431 EXT 400 

GRAY,FHARRIFn* 
HOUJNS COLLECiE 
BOX 9616 

HOUJNS COLIiiGE. VA 24020 
(703) 362-6543 

GRF3N. JONAllIAN 
DEPT 0FB10L(X5Y 
ROOSEVELT UNIV 
OUCAGO. IL 60605 
(312) 341. 3676 

GOOCH, VAN D 
DEPT OF SCHENCE & MAIH 
UNIV OF MINNESOTA 
MORRIS, MN 56267 
(612) 589-2211 

GRUENER, RAPHAEL 
DEPT OF PirVSIOLOGY 
UNIV OF MARYLAND AT 

BALTI MORI- 
BALTIMORE. MD 21201 
(301) 528-2678 

GWINN. DR JOHN F 



DEPT OF BI01XX3Y 
IJNIVERSrrY OF AKRON 
AKRON, OH 44325 
(216) 375-7160 

HAMPTON. JOHN K 
DEPT OF BIOL SCIENCES 
CAL POLYTEOI STATE IWIV 
SAN LUIS OBISPO. CA 93407 
(805)546-2819 

HECKENUVELY. DONAl-D B 
DEPT OF BIOLOGY 
inLLSDALE COLLEGE 
inLLSDAI-E, Ml 49242 
(517)437-7341 

lIEIDCAMi>, WILUAM 
DEIT OF BIOLCXIY 
GUSTAVUS ADOLPHUS 

COU.EGE 
ST PETliR. MN 56082 
(507)931-7325 

HEMPUNG, HAROl-DG 
DEPT OF P}ryS10L(X3Y 
MEDICAL UMV S CAROLINA 
CHARLESTON. SC 29425.2658 
(803)792-3648 

IBLLIARD. STEPHEN 
DEPT OF BIOLOGY 
BALDWIN-WAUACE COIL 
BERFA. OH 44017 
(216) 826-2265 

HOUSE. EDWIN W 
DEPT OF BIOLOGY 
IDAHO STATE UNIV 
POCATEILO. ID 83209 
(208) 236-3765 

HOUSE, DR HERBERT W 
EIX)N COIXEGE 
BOX 2270 

ELON COLLEGE. NC 27244-2010 
(919)584-2294 

JEGIA. THOMAS C 
DEPTOFBIOIXXjY 
KEN'YON COU.EGE 
GAMBHiR. OH 43022 
(614)427-2244 

JI-NNINGS. MICHAEL L 
DEPT OF PWSIOL <& BIOPHYS 
UMV OF IOWA 
IOWA CTFY. lA 52242 
(319) 353-4035 

JOHNSON. CLYDE E 
DEIT OF BIOL SCIENOiS 
SOUTHERN IJNIVIiRSny 
BATON ROUGE, LA 7081 3 
(504) 771-5210 

JOHNSON. DAVID W 
DEPT OF BJOIvOGY 
CONCORDIA COU>:oE 
MOORHEAD, MN 56560 
(218) 299-3085 

JOHNSON. IVAN M 
DEPT OF BIOLOGY 
CONCORDIA COLLEGE 
MOORHFAD. MN 56560 
(218) 299.3085 



JOHNSON. WAITl-R 
NORTHWEST COLUiGE OF 

anROPRACTlC 
2501 W 84TH ST 
BLOOMINGTON, MN 55431 
(612) 888-4777 EXT 290 

JONES. MICHAEL E 
DEIT OF ANATOMY & 

HISTOLOGY 
FTUNTJERS UMV OF SOUI'H 

AUSTRALIA 
SCHOOL OF MEDICINE 
BEDFORD PARK. 
SOUFH AUSTRALIA 5042 
(618) 275.9911 EXT 4281 

JO YNER. RONALD W 
DEP7 OF PHYSIOLOGY 
UMV OF IOWA 
IOWA CITY.IA 52242 
(319) 355-7024 

KAUCHSTELN, DENNIS 
DEPT OF SHENCE 
(Xn-AN COUNTY COLLEGI: 
TOMS RIVER. NJ 08753 
(201)255-4000 

KENDRICTC.JE 
DliPT OF PHYSIOIXXiY 
T?snV OF WISCONSIN 
. 34 SMI 

MADISON. WI 53706 
(608) 262 1465 

KESSLER. SISTER IRMA 
DIiPT OF BIOLOGY 
COLLFXiE OF ST ELl/ABITH 
CONVENT STATION. NJ 07961 
(201)539-1600 

lAGLER. REGIS 
CT^rnCAL CARE DEPr 
METHODIST HOSPH'AL 
1701 N SENATE BLVD 
DsTDIANAPOUS. IN 46202 
(317) 929-5293 

lAROaiELLE. JACQUES 
DEPT OF BIOl-OGY 
LAVAL UMV 
QUFJJEC. PO 
CANADA G1K7P4 
(418) 656-3187 

MAFIT.Y. ROY H 
M-105 

STANTORD UMVERSH Y 
SaiOOL OF MEDICINE 
STANFORD. CA 94305 

(415) 725-4728 

McDONAI-D, DR r»ORIX)N 
DEPT OF BIOLOGY 
McMASTER UNIV 
1280 MAIN ST WEST 
HAMILTON, ONTARIO L8S 4K1 
CANADA 

(416) 525-9140 EXT 4266 

McHALE. PIBLIP A 

DEPT OF PHYSIOL A BIOPHYS 

COLLEGE OF MEDICINE. 

BMSB.357 
UNIV OF OKLAHOMA HEALIU 

SGENCES CENTER 



POBOX 26901 

OKLAHOMA CrTY. OK 73190 
(405) 271-2316 

MELNYCHUK, MARK S 
DEin* OF BIOL & ALLIED 

heal™ SCII:NCE 
lURT BIXX)MSBURG UNIV 

SCIENCE CENTER 
BIXX)MSBURG. PA 17815 
017) 389-4219 

MESSICK. JOHN P 
DEPT OF BIOLOGY 
MJSSOinU SOLrniERN STATE 

COU.EGE 
JOPLIN. MO 64801 
(417) 625-9376 

MICHAEL. JOFl. 
DEPl^OF PHYSIOLOGY 
RUSH MEDICAL C()1.IJ:0E 
1750 WEST HARRISON ST 
ailCAGO. 11.60612 
(312)942-6426 

MICKUS, JOHN 

DEPT OF BIOLOGY 

nXINOlS BEM;DlCnM- COLL 

LISLI:. IL 60532-0900 

(312) 960-1500 EXT 509 

MBOTEN. TFJIRY M 
GRADUAIT- SCH(K)L OF 

BIOMEDICAL SCU-LNCES 
UNIV OF TEXAS 
SAN ANTOMO. TX 78284 
(512) 567-3709 

MILLER, JAMI-S S 
BIOLOGY DEPARTMENT 
GOSHEN COLLEGE 
GOSEHEN. IN 46526 
(219) 535-7308 

MILLS. STEVEN H 
DEPT OF BIOLOGY 
CENTRAL MISSOURI STAl E 
UNIV 

WARRENSBURG. MO 64093 
(816)429-4933 

MODELL. HAROI-D 
NRa^E 
P.O. Box 51 187 
SEATTlJi. WA 98115 
a06) 522-6045 

MORIARIT. C MICHAEL 
DEPT OF PHYSIOL & BIOPHYS 
UNIV OF NEBRASKA MED CH R 
OMAHA, NE 68105 
(402) 559-7282 

NOCENTl. DR MR 

DEPT OF PHYSIOL & BIOPHYS 

COLUMBIA UMV 

NEW YORK, N'Y 10032 

(212) 305-3636 

ORTIZ. C LEO 
DEPT OF BIOLOGY 
UMV OFCAUFOKMA 
SANTA CRUZ. CA 95064 
(408) 429-2247 

OWEN, LAWI ON 
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KANSAS WHSl.HYAN 
SAUNA. KS 67401 
(913) 827-554! 

PAl.MKR.KHNNCTHC: 
DI-IM Ol- PA'niOI.CXiY 
WAYNH S I A I H UNIV St JUXM. 
OF MI'DICINU 

DF-ri Korr. mi 4h2()1 

(313) 577.5152 
PARRISl!.!)R JOHN 

\mn w Hioi octY 

I:M1X)KIA STATI-: 1;NIV 
I-MWRIA, KS mO\ 
(3J6) M31200 

nrri:Rs. raipu 
i)i:i>ARrMi:NT ov nun cxiY 

J YNCIlHlJRCt Cn\.\MO\i 
I.YNCnUURCt. VA 24M)l 
(X04) 5*22 K367 

IM-ri'RSON. NIl.S 

IKOM Tin- Ui-ARl' SOI'nVAUl: 

P.O HOX 3158 

1244WAl.Nin SI . SUm-H 

l-UCil'NI:. OR 97403 

(503) 345 7749 

pirr/K!., OAVinH 

DIVISION OV mi YSIOl.CXiY 
SCIICXM.OI- M!:I)ICINH 

cRi-KiiiTON i;N!vi:RsrrY 

2MK)(:a!.!K)RNIA ST 
OllMAllA. N!-:6K178 
(402) 280-1835 

POSUY, A!j\N !■ 
niOIXXiY DliPARlMI-NT 
UNIV OF AKK AT PINI- UI.UI'I' 
NORTH UNIVI-RSITY AVhMJl: 
PlNHlU.Uir. AR 71601 
(501) 541-6880 

QUINN. DAVU) I. 
mVV OI HIOlXXiY 
MUSKINCHJM COI.IJ-OI- 
NHW (X)NrORO. OH 43762 U 99 
(614) 826-8225 

RAM. Jl-M-RHY I. 
WW Oi- PHYSIOI .(XiY 
WAYNK STATI-: UNIV SCHCX)). 

Ol- MI-DiriNl: 
DirrROIT. MI 48201 
:313) 577. 1558 

RIJNKINO. LARKY N 
l)i:iTOKIUOl.(XiY 
Mlli.liRSVIU.H UNIV 
MIli.l-KSVlIi.H. PA n5M 
(717) 872. 3792 

RIHSHN. JOHN 

DI-.IMOl- ANIMAL SCn:N{'K 

UNIV Ol- CONNKCI K Ul U 40 

STORKS. (T 062^)8 

(2i)3) 486 Z541 

ROUUINS. I)R lU-RHlJ^rC 
DALLAS HArnST UNIV 
7r;7 WHST KlI-STHl.VI) 
DALlJXS.TX 752II 98(K) 
(214) 333.53(/2 

ROH. WAI.n-R l- 



DI'lTOI' Virr PHYSKM.SCI 
UNIV OF SASKAiaU'WAN 
SASKA r(X)N.SKS7N OWO 
CANADA 
(306) 966-7371 

ROSKLU.ROBl-RTJ 

DlilM OF Clll-M I'NUINI-URlNCi 

VANDIiRHlLT UNIV 

HOX 36 STATION H 

NASHVILLK. TN 37235 

(615) 322.2r»02 

ROTIIi:. DR CARLF 
DKPI OF PHYSIOL * HIOPHYS 
INDIANA UNIV SCH OP MP.D 
635 HARNIIILL DRIVI- 
INDIANAIXM.IS. IN 46223 
(317) 264-8250 

kOVlCK.ALLI'N A 
DLPrOFPllYSlUl.CX^Y 
RUSH MI-DICALCOLLIiCip: 
(MIICAtiO. 11.60612 
(312)942 6567 

RUP.DR KL'R I li 

Di:rr oi- physiol & hiophys 

DALHOUSIh UNIV 
UAIJFAX. NOVAS(XynA 
CANADA B3M4II7 
(902)424-3517 

SACiH. MARllN 

Di:pr oFiuoLcxiY 

UNIV OF MISSOURI • ST LOUIS 
8001 NATURAL BRilKil-RD 
STIXIUIS.MO 63121 
(314) 553.6218 

SCHMIDl'. THOMAS J 

DKlT OF PHYSIOL & HIOPHYS 

UNIV OF IOWA 

ittWA (TI Y.IA 52242 

(31V) 353-4018 

sciiNi'iWKiss. JUANNirrn' w 

DliPr OFIUOLCXiY 
IIOFS I RA UNIV 
HHMmTIAD. NY 11550 
(516) 560-552! 

Sli:(iMAN. MARION 
DHPP OF WlYSlDLCXiY 
JlilTl-RSON MI-DICAL COIi. 
1020 1XX.'USTST 
PIIII.ADFLPIIIA.PA I9lo; 
(215)928-7893 

SIMl>SON.R J 
Dl-Pl OFHIOUXiY 
UNIV OFN0Rnii:RN IOWA 
CFDARFAIJ^.IA 50614 
(319) 273-2645 

SINNAMON. WALT 
Cl-NI-RAL WI-SI.FYAN (X)l J. 
CI-VIKAL. 50 29630 
(H03) 639.2453 HXT 356 

SLAYMAN.CL 
DFPI OFPHYSlOLtXiY 
YAI.p: SCHOOL OF MLDICINI. 
Ni:W HAVFN. n (Vi5 1 0-8026 
(203) 788.4478 

SM.\1J.. JAMFIS W 



Di:Pr Ol' HIOL(XJY 
ROLUNS COLLFOF 
WINTF:R park. n. 32789 
(305) 646^2433 

Sn:iN.PAL?L 
DiaM'OPHIOl.CXlY 
WASlIlNcnON UNIV 
S rU)UlS. MO 631 30 
(314) K89 6824 

sh:nr(xis, ohriI' o 

DliPL OMil()L(KiV 
LYNCIIin:R(i col .1 .IXiF 
LYNCHBL'KCJ. VA 24S01 
(804) 522 8 3 62 

STOin . JOHN 
niFFOMUOLfXIY 
ANDRliWS UNIV 
HI;KHIP:N SPRlNtJS. Ml 49 UM 
(616) 471 3243 

SUI.AKIIP. DR PV 

D\i\n OI PllYSlOlXKiY 

(:0LLFCii:OFMi:DlClNF 

UNIV OF SASKA ICHI WAN 

SASKAT(X)N, SK S7N OWO 

CANADA 

(306) 966-6534 

SWl-in'.IIAVl-N 

DFP^r OFHIOL(XiY 

UNIV OI-CI-NTKAI. 11 ORIDA 

ORLANIX). n. 32816 

(305) 275-2922 

TAYLOR, JAMI'S WM 
KAIj\MA/XX) VALIJ-Y 

COMMUNITY COLI.FCiii 
KAlj\MA/.(X). Ml 49(KI9 
(616) 372.5 356 

niSKFY.SISTIIR NANCY 
HOLY NAMF;SCOLLi:(ip: 
OAKIAND. CA 94619 
(415) 436-0111 

nilRUMAlAI.CllARLliS IIR 
DHPT OFPMYSIOUXIY 
UNIV WFST INDIFS 
KINCiSmN 7. JAMAICA 
Wt-ST INDIFS 
(809) 927.20*^0 

THOMAS. sti:vi:n p 

Dliin OH IHOLS(:lP.N< i:S 

duqui-snf: univfrsity 
prnsuuRCiH.PA 15282 

nm NFLL. M J 
Dliin^ 0F/.O0I.(XiY 

univfrsity oy alhi rta 

CW 3I2HIOLSCI in.lXi 
FDMONION. ALHI-RIA 
CANADA r«i21i9 
(403) 432.<Xi65 

VAN AM»UR(i.(ii:RALDL 
l>i:rr OF HIOI (XiY 

(X)N(:oRDiACOLi i:ui-: 

M(X)RH1:AD. MN 56560 
ai8) 299' 3085 

VUANDF. MANU'l-L 
FACULTY 0FMF:DICINF 
UNMIVI-RSIDAD DF OVIP.IK) 



OVIi;iX) 33<XK) 
SPAIN 

WALKFR. RICHARD 
Sn-lRLlNti COLl.l Cil- 
S IT:RLINCi. KS 67579 
(316) 278 2173 

WALL, KATHLIJ N 
HUSSON COI.LI CJF 
HAN(iOR. Mi; 04401 
(207) 947.1121 

WATROL'S. JAMl-S 
DI-PI 01 HlOL<KiY 
SI JOSIii'irS UNIV 
PHIIJKDI-LPHIA. PA 19131 
(215) 879-7342 

WI'ISHART. DR MliLVIN 

DlilTOFIilOLCXiY 

ST I'RANfIS XAVn:R LNIV 

ANTKiONISH. NOVA SCOl lA 

CANADA H2(; ICO 

(902) 867.2294 

WILHFLM. DALIAS 
DFIM'OFlUOLCXiY 
HAS^HNCiS COLLI CiF 
HAST1NCiS,NP: 6X901 
(402) 461-7382 

WILLIAMS. ALIH-Rr A 
HIOIXXJY DFPARTMi.Vl 
MANCHI'STI-K COLLI:(j1: 
N MANCm-Sri-R. IN 46962 
(219) 982-5308 

WILLIAMS. W F 
DFIM' OFBIOLCX'iY 
TRINITY COLI>:f 'jP: 
HARTPORD.(*I" 061(Ki 
C203) 527.3151 l-X l 570 

W1LLIS |X)N. JOHN S 

Dl-rr OFHIOUXiY 

SAN P*RANCISCO SI ATF UNIV 

SAN F'RANCISCO, CA 94132 

(415) 584.5319 

WILSON. DR marij:nf M 

UNIV OF POR HAND 
K)Rnw\ND. OR 97203 
(503) 2X3 7123 

WOLF, MAITHI-W U 
DI-ITOI- PHYSIOLCXiY 
SCHOOL OF MliDlClNF 
UNIV S CAROLINA 
COLUMBIA, SC 29208 
(803) 733. 3241 

WOLLIN. A 

DFIT OFPHYSIOLCKJY 
(X)LLF(IF OP mf:dicini{ 
UNIV OF SASKA rCHF:WAN 
SASKA r(X)N. SK 57N OWO 
CANADA 

WUNDl-R.CHARLKS C 
PHYSIOL(XiY RliSFARCH I AH 
UNIV OF IOWA 
OAKDALI-.IA 52319 
(319) 353^7(M 

YCXIHM. JM 

Di:iM PHYSIOLCXiY A CFLL 
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IHOI.OOY 
UMVERSn-Y OH KANSAS 
LAWRENCE. KS 66045 
(91?) 864-3130 

YORK, DR DONALD H 
DHPT OF PHYSIOI.OCiV 
VSIW OF MISSOURI AT 

COLUMBIA 
COLUMBIA. MO 65212 
(314) 882 7168 

YOi;Nn, BHVOi A 
\mn OF ANIMAL sni-NCK 
UNIVFRSITY OI- ALUI-RTA 
I-DMONTON. ALBKRTA 
CANADA T6C; TPS 
(403) 432-3233 

/i:rrn:R, siiirll:y 
davi-:nik)RT couj-gh 

415 HA^T FLl.roN 
GRAM) RAPIDS. MJ 49503 
(616) 45! '3511 

ZIMMKRMAN, JAY 

Dl-in' OF BIOL SClF:NCIiS 

ST JOHN"S IJMV 

GRAND LT'NTRAI. & UTOPIA 

PKWS 
NKW YORK. NT 11439 
(718) 990-6161 KXT 5233 

PLANT pnvsiOLO<;Y 

snarcFK. dr gl-y l 

DHPrOFHIOl.CXjY 
MIIJ-FRSVIUJ-: U'NIV 
MILLLRSVIU-K. PA 175S1 
(717) 872-3339 

POPIT.ATION BIOIXXJY 
KONISKY. JORDAN 

scTiooL OF uft: SCIKNCKS 

UNIVOFIU.INOIS 
393 MORRJLLHALL 
CHAMPAIGN, n. 61801 
(217) 333-3044 

PSYCHIATRY 

PARISI, ANTHONY J 
WRIGirr STATK U'NIV SCHOOL 
OF MKOICINIi 

DAVTON. on 45401 -09 

(513) 376-6711 

QUANTITATIVE BIOLOGY 
SIDIK. JAMHS 

DHPARTMKNTOF BIOLOGY 
URSINUS COLLKGH 
COUi-UEVTIIJ:. PA 19426 
(215) 489^111 EXT 2287 

RKSKARCII TKCIINIQU^XS 
GLYNIS. ASU 
MCW LIBRARIES 
8701 WATHRTOWN PLANK RD 
MILWAUTCIiK. WT 53226 
(414) 257.8323 

niOMAS. STEVF.N P 
DEPT BlOLOCilCAL SCII-NCES 
DL'QUliSNH UNIVl-l^SlTY 
Prn'SHURGH. PA 15282 
(412) 434-6320 



WALU KATHIi-HN 
HUSSON COLLEGE 
BANGOR. ME 04401 
(207) . 17-1121 

SF.ROlX)GY 

STANSFIKI.D. WILLIAM 
DEPT OF BIOLOGICAL 

SCIliNCE 
CAL POLYTEni STATE UNIV 
SAN LUIS OBISPO. CA 93407 
mS) 546-2875 

STATISTICS 

BENEDICT. DR SUSAN 
z09 MOUTVTAIN RIDCJE DRlVIi 
HUNTSVILLE. AL 35801 
(205 ) 5 36-7101 

BROOKE. DRJOHND 
NEUROPHYSIOLOGY lAB 
UNlVI-RSri Y OF (JUia.PH 
SCHOOL OF HUMAN BIOLOGY 
GUEIJ^Ii. ONTARIO NIG 2WI 
CANADA 

(519) 824-4120 EXT 3416 

CIUiW.FS 
DEPT OF BIOLOGY 
TUFTS UNIV 
MEDFORD. MA 02155 
(617) 381-3189 EXT 3195 

CLARK. JAMES R 

DEIT OF AMVtAL SCIENCE 

TEXASTFrilUMV 

LUimoCK. TX 79409-4169 

(806) 742-2469 

CODY. RONALD 
DEPr OF ENVIRON & 

COMMIM"I'Y MEDICINE 
RUTGI-RS MEDICAL SniOOL 
PISCATAWAY. NJ 08854 
(201)463.4490 

FASHING. NORMAN J 
DEPl OF BIOLOGY 
COLIJiGE OF WILI JAM AND 
MARY 

WU.LIAMSBURG. VA 23185 

HAGEN. STANI>:Y VON 
Dim OF PHARMAC0IX)(JY 
NEW JFHISEY NUiDTCAL SCH 
NEWARK. NEW JHRSIiY 07103 
(201)456^385 

JENSEN. RICHARD 
DEPARTMl-Xr OF* BIOLOGY 
5AINT MVRY'S COLLEGE 
NOTRE DAMli. IN 46556 
(219)284-4674 

RIPPEY. ROBIOtT 
RHE AM034 
UNIV CONN in.THcrR 
FARNflNGTON. CF 06073 
(203) 674-2353 

SCHWARTZ. ORIJVNDO A 
DEPT OF BIOLOGY 
UNIV OF NORTH ICKN IOWA 
CFDAR FAIXS. iA 50614 



C3I9) 273*2106 

TAUTi.STEPHANR 
DEPT OF BIOLOGY 
GI-ORGE MASON UNIV 
FAfRFAX, VA 22030 
C703) 323-2181 

WERNI-R.J KIRWIN 
DEPT OF BIOLOGY 

NoRiiiERN Michigan univ 

MARQUFnTE. Ml 49855 
(906) 227-2310 

TAXONOMY 

WAI TERS. DIRK R 
DEPrOF BIOLOGY 
CAL POLYn-CU S TATli U'NIV 
SAN I US OBI.SPO, CA 9340^j 
(805) 546-272! 

VIROLOGY 

BOND, a.II-TORD 
Dl-PTOF MICROBIOLOGY 
MONTANA state: UNIV 
BOZEMAN, Mr 59717 
(406) 994-4130 

ZOOLOGY 

black. joe b 
dfjt of biology 
ix)U':s:ana college 
u)u1siana coijj'xie^sta 
pineville.la 71359 

(318) 487-7611 
BROWN, I.HS 

DDT NATURAL SCIFNCF:S 
GARDNER.WEBB COLLEGE 
BOll.LNG SPRINGS, NC2XU17 
aW)434-2-VU EXT 247 

BU'aillOlZ ROBERT H 
DEPT OF BIOLOGY 
MONMOUTH COLLEGE 
MONMOVrni, n. 61462 
(309)457-2350 

carico,jamf:se 
di-pt of biology 
lynchburg collecie 
lynchburg, va 24501 

(804) 522-8366 

COCKERHAM. BILL 
F^RESNO PACIFIC COIJ.l-GE 
FRESNO. CA 93702 
(209) 453-2045 

DE JONG. ALVIN A 
DEPT OF BIOL SCIENCE 
CAL POLYTI-:CH STATE UNIV 
SAN LUIS OBISPO. CA 93407 
(805 ) 546-2209 

DICKINSON. W]NIF"RED 
DFJT OF BIOLOGY 
UNIV OF STEUBI-NVILLE 
Sra>HEN"lIi.E. OH 43952 
(614) 283-3771 

DKjGIN.S, MAUTIEHN 
Di:P^r OF BIOLOGY 
AUGUSTAN* A COUJ-GE 



2y'niST AND S SUMMir 
SIOU^ FALLS. SI) 57197 
(605) 336^809 

GAMBS, R0G'F:R 
DHPrOFBIOL SCIENCE 
CAL POLVIECH STA lTi LM V 
SANLUTS0BISIX).CA 9340*/ 
(805)546-2551 

GIBSON, LINDA 

DFPl'OF BIOLOGY 

EASTl-RN »VASH1NGT0N UNIV 

CHENEY. WA 99m 

(509) 359-2845 

GRAY. FHARR TFT 
HOLLINS (X^U.EGE. BOX 9616 
IIOLIXNS COLLEGE. VA 240 20 
r703) 362-6543 

HHTON. DONALD FJ 
DF:Pr,OF BIOL SCIENCES 
BISHOI^S UNIVI-RSrrY 

lknnoxvillf:, qliibec 
canada jim 1/7 

(R19)56<).9551 

LHONG. KINGS TON 
PEITOFBIOL SCIENCE 
CAL POLYTl-rn STATE L'NIV 
SAN LUIS OBISPO. CA 93407 
(805) 546-2788 

MACHIN. DR JOHN 
DLPrOFyO(M.O(iY 
UNi''OF* TOKONTO 
TORONTO. ONTARIO 
CANADA M5S lAl 
(416) 978-3506 

MURPHY. GEORGE 

Mionii- it:\n state univ 

MU'RFRHEsnOKO.lTs' 37132 
(615) 898-2847 

OWEN. I^WTON 
KANSAS WESLI-YAN 
SALINA. KS 67401 
(913) 827-5541 

singlftary, robert!. 
df:itof biolcxjy 
univ0fbr1dge1k)rt 

BRIDGEPORT, Cr 06601 
(203) 576^265 

SINNAMON. WALT 
Ct-NTRAL WESLEYAN COLL 
CT:NTRAL, SC 29630 
(803) 639-2453 liXT 356 

STANTON. Gi:ORGE \i 
Ol.VVO}' BIOLCXiY 
COLUMBUS COUJ-GK 
COLUMBUS. GA 31993 
(404^ 568-2065 

S TEVT^NS. ED 
DliPTOH ZOOLOGY 
UNlVOFGUEmi 
GUT-LPH. ONTARIO 
CANADA NIG 2W1 
(519) 824-4120 l':XT2I37 
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J 



Personal computer based programs arc 
aviiilable ihat pcnnit test preparation, icsl 
delivery, lest scoring, lest analysis, and 
grade management. Oneor morcof these 
functions such as lest banks and test 
scoring have been previously available. 
Now, integrated softvyare packages pro- 
vide a fully automated system for test 
administration and grading. Ihis allows 
m educaU)r grciiter flexibility in test 
design and enhances the quality and re- 
liability of the exam. In addition, Uie 
rapid access to the test data and the auto- 
mation of record keeping frees the educa- 
tor to do tasks that improve the quality of 



education. 

The integrated systems manage all the 
details of producing a lest in an iniorac- 
live fomi. The educator creates a test 
from an existing test bank. Tlie test is 
graded, the item analysis is updiUcul, and 
the point valued is placed in ilie grade 
book within a very short time. Ilic key 
c;in be corrected, llie test rescorcd, and 
the roster updated in a few .seconds. 

There are several systems on the market 
that have these capabilities. These in- 
clude the Par System, examSYSTCM, 
MicroTim, MicroPac, and the Examiner. 
These systems arc user friendly, require 
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no programming skills or sopluslicatcd 
computer skills, and prompt the user at 
every step. There arc other systems on 
the market However, because this au- 
thor is not familiar with them, they will 
not be included in this discussion. 

Tliere are features common to all inte- 
grated software packages for the compo- 
nents of test preparation, test delivery, 
test scoring, test analysis, and grade 
management. There are also features 
unique to specific packages. How does 
one decide on a package? Some consid- 
erations will be discussed including fea- 
tures of specific packages. 

SYSTEM REQUIREMENTS 
Only MicroPac can be purchased for the 
IBM or Apple. The rest are IBM compat- 
ible. All of the programs support popular 
optical scanners. Although speed of 
optical scanning is dependent on ttie 
hardware available, the convenience of 
having an automatic class roster and an 
automatic input of student responses 
generated is significant. If you give a test 
of more than 100 questions, you must 
consider a scanner model that reads two 
columns of answer fonns (ParScore de- 
livers 200 questions per tesO. 

PRICE 

Tlie software package prices begin at 
about $1200 and range to over $2000. 
Tlie Examiner is the most expensive of 
the packages. One needs to consider the 
price of the microcomputci, .:anners 
(which begin at about $1300), answer 
forms, and special cards and cables nec- 
essary for tlie computer. 

DOCUMENTATION 
How well is the program described? 
Does it lend itself to staff and faculty 
training? The better the documentation, 
the easier it is to educate new staff and 
faculty. Are the developers available for 
consultation? Our institution uses tlie Par 
System which has excellent documenta- 
tion and user support. 



TI':ST PREPARATION 
Tlie preparation of tests can be stream- 
lined through the u.sc of test item banks. 
Test item barks are a collection of coded 
test items where ttie number of test itcius 
is larger than the number of items used in 
a test 

As educators^ we want to use a variety 
of test questions, Tlie software testing 
programs should allow matching, mul- 
tiple choice, fill in the blank, true-false, 
and case presentations. You might want 
to consider the inclusion of graphics into 
items. The more rcsuiclive the foimat, 
the least likely the software package will 
be accepted by the faculty. 

What means docs Uic program have of 
entering test questions? How easy is it? 
How do you make changes? Is the soft- 
ware compatible with other word proces- 
sors? Is there a built-in editor? 

Test security needs to l>c considered 
especially when building a very Uuge 
pool of items over an extended period of 
time. The Examiner meets the most strin- 
gent security requirements. It is pro- 
tected by passwords, and all the items are 
encrypted when stored on disk. 

The method of coding, selection of 
items, and type of items to include in a 
test varies greatly from program to pro- 
gram. I would suggest conducting a 
nee^' •^'^lysis of the potential users, and 
then ivXiking for the program that best 
meets their needs. MicroTim includes a 
biochemistry item bank of 7,000 ques- 
tions. 

TEST DELIVERY 

Once the insUructor develops a test, it can 
be delivered to the student via computer 
(on-line testing), or in printed form (off- 
line testing). Careful consideration of 
available hardware must be taken into 
account before the faculty makes a deci- 
sion to test students on-line. The Par 
System and the Examiner allow for on- 
line testing. For off-line testing, the soft- 
ware package should be flexible to meet 
liie uniqv.e needs of all faculty. The 



features of tlie test generating package 
should be evaluated to ensure that direc- 
tions, titles, graphics, and test f\)rtnai all 
confonn to the desired style of liic in- 
structor. 

PiyScore allows **on the six)t" on-line 
correction of errors and prints an error log 
for later reference. Ihe student responses 
are also recorded. This is an especially 
important feature if a student uies to alter 
the answer sheet. 

TEST ANALYSIS 

After scoring a test, the results can Ixj 
used for item analysis. A suitistical 
analysis is also used toanoly^^c tlie results 
of the test. All the programs put tlie 
results of an item analysis directly intc 
the test item bank. Each program differs 
in the analysis of the test. ParScore 
includes tlie mean, median, standard 
deviation, and the KR-20 reliability ratio 
in the analysis of tlie test. In RxamSys- 
tem, all classes taking tlie same test can 
be combined for statistical summaiy rc- 
jwis. 

GRADE MANAGEMENT 
Once a test has l)een delivered, student 
grades may be accumulated using several 
methods. Does the software package 
provide for test grade averaging, ranking 
and so fOiUi? In tlie examSystem, the 
grade book can handle up to 90 different 
scores per student per class. Grade crite- 
ria can be changed at any time. Letter 
grades are automatically assigned based 
upon the instructor's grading criteria 

FEEDBACK OPTIONS 
Does the software provide student feed- 
back to each question? MicroTim allows 
automatic display of instructor generated 
error explanation upon entry of an \icor- 
rect student response. It also alk ws stu- 
dent feedback to the instructor about 
particular questions through a comment 
facility. 

The interactive microcomputer soft- 
ware systems offer a faculty a decision 
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making tool Tor flexible test design and 
construction, provide rapid acce^ss to lest 
data, and arc a ireinendous savings in 
facility time. I feel that the lime saved in 
test construction, and the impmved qual- 
ity of the test, as well as the ability to track 
students far outweighs ttie a)sls iiK:urred 
by the system. 

VENDORS 

Examiner 

Media Computer EnterprLses, l.ul. 
880 Sibley Highway, Suite 102 



MendoiaHeightii,MN55118 
(612)451-7360 

Ex(mSyst€nvi 

National Computer Systems 
11000 Prarie Lakes Drive 
P.O. Box 9365 
Minneapolis, MN 55440 
(800)447-3269 

MicroPac 

Micros y.stcms Software, Ltd. 
Educational Syrtems 
P.O. Box 3123 



Tempe, AZ 85281 
(602)966-8615 

MicroTim 

JL Educatiomil and Computer Services 
P.O.Box 35142 
Dallas, TX 75235 
(214)351-1283 

Par System 

Economic Research Inc 
P.O. Box 7200 
Costa Mesa, CA 92626 
(714)641-3955 
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The Bulletin Board is published p)eriodi- 
cally to inform readers of upcoming 
meetings of interest. If you know of 
meetings, symposia, continuing educa- 
tion courses, etc, of interest to life science 
educators, and they do not appear in Tlie 
Bulletin Board, please let us know. Send 
pertinent information to: 

Dr. Harold Model! 

NRCLSE 

P.O. Box 51187 

SeatUe, WA 981 15-1 187 
or let us know via BITnet. NRCLSE's 
BITnet address is: 

MODELL@UWALOCKE 

OCTOBER 2-3, 1990. EdNET90: ITie 
Educational Technology and Tele- 



communications Markets Confer- 
ence. Washington, D.C. 

Contact: 

Nelson B. Heller and Associates 
Suite 600 

707 Skokie Boulevard 
Northbrook. IL 60062 
(708) 205^390 

OCTOBER 4-6, 1990. "Information 
Systems and Technology for the 
1990*s" Annual conference. Associa- 
tion for Computer Educators. Min- 
neapolis, MN 

Contact: 



7'. m Seymour 
College of Business 
Minot State University 
Minot.ND 58701 
(701)857-3110 

OCTOBER 9-11, 1990. 3"» Annual 
Multimedia Expo. San Francisco, Ca. 

Contact: 

American Expositions, Inc 
110 Greenest. U703 
New York. NY 10012 
(212)226-4141 

OCTOBER 14-17, 1990, EDUCOM 
*90. Preparing for the renaissance. 
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Atlanta, G A 

Contact: 

EDUCOM '90 
P.O. Box 364 
Piinccton^NJ 08540 

OCTOBER 24, 1990. Videoconfcrence 
- Educational Technology for Nurs- 
ing: A Solution for Today's Piob- 
Icms. Cupertino, CA 

Contact: 

Gladys Penner, Teleconference Coordi- 
nator 

De Anza College Television Center 
CupertinoXA 95014 
(408) 864-8300 

OCTOBER 28 -NOVEMBER 1,1990. 
32«* Annual ADCIS Conference: Re- 
structuring Training and Education 
Through Technology. San Diego, CA 

Contact: 

ADCIS International Headquarters 
229 Ramseyer Hall 
29 West Woodruff Avenue 
Columbus. OH 43210^1177 
(614) 292^324 



November 7-11, 1990. IFER Workshop 
(HI Alternatives in Education* Hous- 
ton, TX 

Contact: 

International Foundation for Ethical 

Research 
53 W ;t Jackson Blvd. 
Suite 1542 
Chicago^ It 60604 
(312)427-6025 

NOVEMBER 15-16, 1990. Western 
Educational Computing Conference - 
'The 90's: The Decade for Transi- 
tion", Irvine, CA 

Contact: 

Gene Dippel 
Computer Center 

California State University, Fullerton 
Fullerton. CA 92634 
(714) 773-3263 

JANUARY 18-20, 199L Association of 
Biologists in Computing, Los Ange- 
les. CA 

Contact: 

Bob Desharnais 



Biology Department 

California State University. Los Angeles 

5151 State University Drive 

Los Angeles, CA 90032^201 

(213)343-2056 

FEBRUARY S-8, 1991. 11^ Annual 
Florida Educational Technology 
Conference. Tampa, FL 

Contact: 

Barbara Ann Cox 
Conference Coordinator 
Suite Bl -54 

Florida Education Center 
325 West Gaines Street 
Tallahassee, FL 32399 
(904)488-0980 

FEBRUARY 20-22, 199 L Fifth Annual 
Conference - Learning Technology in 
the Heallh Care Sciences and Eighth 
Annual Conference - Interactive In- 
struction Delivery. Orlando, FL 

Contact: 

Program Coordinator 

Society for Applied Learning Technology 

SO Culf)eper Street 

Warrenton.VA 22186 



ERRATUM 

Modell, Harold I: Designing computer 
based tutorials to reinforce reasoning 
skills. Computers in Life Science Educa- 
tion 7(8):57-59. 1990. 

The citation of references in the body of 
the article do not correspond to the order 
in which the references are listed. The 
following list properly identifies the ref- 
erences as cited. 



1. Ahrens, E.H., Jr. and CM. Akins. 
Report to the alumni council. Har- 
vard Alumni Bull, pp 70-76, 1981. 

2. RovicK, A. A. and L. Brenner. 
HEARTSIM: a cardiovascular simu- 
lation with didactic feedback. The 
Physiologist26:226-239, 1983. 

3. MoY, R.H. Critical values in medical 
cducauon. N. Engl. J. Med, 301:694- 
697, 1979. 



4. RaU '\ C.L. Biology courseware for 
college freshmen. Computers in Life 
Science Education 7:33-36, 1990. 

5. RovicK, A.A. and J.A. Michael. 
CIRCS IM: an IBM PC computer 
teaching exercise on blood pressure 
regulation. Proceedings of the XXX 
Congress of International Union of 
Physiological Sciences, Vancouver, 
BC, 1986. 



7i 

©1990 BY NAllGNAL RKSOURCH FOR COMPUTERS IN Ul'E SQHNCE EDUCATION 07 42 -3 233/90/50.00 + 2.00 



COMPUTERS IN LIFE SCffiNCE EDUCATION. VOLUME 7. NUMBER 9. SEPTEMBER 1990 



71 



NATIONAL RESOURCE FOR COMPUTERS IN LIFE 
SCIENCE EDUCATION QUESTIONNAIRE 

To be effective in our effort lo promote a communication network among life science educators interested in using computers in their 
educational efforts, we need your help. If you have not completed our questionnaire lliis year, please take a few moments to complete 
tlie questionnaire below and return it to the following address: 

Harold ModelU Ph.D. 

NRCLSE 

P.O. Box 51187 

Seattle, Washington 981 15 



Name: 



Address: 



State 



Zip 



Phone: 



What content areas do you teach? 



BITNET: 



What student population(s) do you serve? (Please check appropriate categories) 

— Undergraduate Graduate Nursing 

Allied Health Dental Veterinary 

Other (please specify) 



Are you currently using the computer as an educational tool? Yes 

If yes: 

How many years have you used the computer in this way? 
What kind of equipment arc you using? 



No 



Medical 



Have you written any software for use in your teaching efforts? 
What commercially available software have you found useful? 

72 

Would you be willing to help critique software for peers? Yes 



No 



Yes No 
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AIMS AND SCOPE Hie goal of Computers in Life Science Education is lo provide a means of communication among 

life science alucaiors who anticipate or are cun enlly employing the computer as an educational 
tool. Tlie range of conttmt includes, but is not limited lo, articles fociLsxng on computer aijpli- 
cations and their underlying philosophy, reports on faculty/student experiences with compulcre 
in leaching environments, and soflware/haidware reviews in botli basic science and clinical 
education sellings. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Education are inviied for possible 

publication in the newsletter. 

PREPARATION AND SUBMLSSION OF MATERUL 

Artklessubmitledfor publication should be typewritten, doublespaccd, wi»h wide margins. The 
original and two copies including two sets of figures and tables should be sent to the Edito 
Dr,KaroldModeU,NRCLSE,P.O.Box51187. Seattle, WA 98115-1187. 

Title page should include full title, list of aulliors. academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
pholograplis on glossy paper (Laser printer output is acceptable). The lettering should be such 
that it can be legible after reduction (width of one column = 5.7 cm). 

Reference style and form should follow the "number system with references alphabetized" 
described in the Council of Biology Editors Style Manual, References should be listed in 
alphabetical order by the first autlior s last name, numbered consecutively, and cited in the text 
by these niunbers. 

RESPONSiBlLlTY AND COPYRIGIfT 

Authors are responsible for accuracy of statements and opinions expressed in articles. All authors 
submitting manuscripts will be sent a copyright transfei form to complete, llic completed form 
must be retimed before the work will be published. 



SUBSCRIPTION INFORM ATION Computers in Life Science Education is published monthly by National Resource for Computers 

in Life Science Education, P,0, Box 5 1 1 87, Seattle, WA 981 1 5- 1 1 87. Subscription rale is $40.00 
for 12 issues, including postage and handling in the United States, Canada, and Mexico. Add 
$20,00 for postage (airmail) in Europe and South America and $23.00 for ilie rest of the world. 

This newsletter has been registered with the Copyright Clearance Center, Inc, Consent is given 
for copying of articles for personal or internal use, or for the personal or internal use of specific 
clients. This consent is given on the condition that the copier pay through the Center the per-copy 
fee sUled in the code on the firstpage for copying yond tliat permitted by the US Copyright Law. 
If no code appears on an article, the author has not given broad consent to copy and permission 
lo copy must be obtained directly from the auihor. This consent docs not extend to other kinds 
of copying, such as for general distribution, resale, advertising and promotional purposes, or for 
creating new collective works. 

Address orders, changes of address, and claims for missing Lssues to NRCLSE, P.O. Box 5 1 187, 
Seattle, WA 981 15-1 187. Claims for missing Issues can be honored only up to three months for 
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent lo 
replace ones undelivered due to failure to notify NRCLSE of change of address. 

Address editorial correspondence to Harold I. Model!, PhD, NRCLSE, P.O. Box 5 1 1 87, Seattle, 
WA 981154187. (BlTNtTMODELL@UWALOCKE) 

IX3STM ASTER : S<md address changes lo Cotnputers in Life Scie^ice Education. NRCLS E, P.O. 
Box 51187,Sealile, WA 98115-1187. 
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A COMPARISON, FOR TEACHING 
PURPOSES OF THREE DATA- 
ACQUISITION SYSTEMS FOR THE 
MACINTOSH 

Harold D. Swanson 

Biology Deparimem, Drake University, Des Moines, Iowa 



As the first phase of studying how com- 
puters might be used for dald acquisition 
in teaching laboratories of the Biology 
Department of Drake University (and as 
a necessary prelude to purchasing a sys- 
tem for doing that), I conducted a "hands- 
on'* comparison of two systems that 
seemed especially suited for this pur- 
pose, coupled with a more limited com- 
parison of a third system. 

Each of llie three systems proved to 
have many virtues, but Uiey differed in 
several important respects and in how 



suitable we judged them to be for our 
department and program. One widely 
advertised and much acclaimed system, 
LabVIEW software and accompanying 
hardware from Natiorial Instruments, we 
judged the most versatile and powerful 
but far too difficulty to learn to fit our 
needs. A less well-known system. Ana- 
log Connection WorkBcnch software 
and accompanying hardware from Staw- 
berry Tree Computers, was judged easy 
to learn and use and powerful enough for 
all our anticipated uses; it was the one 



Editor^s Note 

This article is reprinted from the June, 1990 issue of t/ie American Journal of 
Physiology:Advances in Physiology Education, published by the American 
\^hysiological Society. 
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chosen for purchase. Thesyslcrn seen in 
less detail, MacLab hardware and soil- 
ware from World Precision Inslruments, 
was judged to be the one best prcadapted 
for routine physiological recording and 
to have the easiest instruction inamial to 
use. Bui it is so much less powenul and 
flexible than the other two programs that 
we judged it less suitable for our immedi- 
ate project of investigating the whole 
range of ix)ssible applications of compul- 
ei*s to teaching laboratories. 

The conditions and results of the coni- 
piirison arc presented herein some detail, 
ia Uie hope they might aid other depart- 
menls in judging which of the systems is 
most likely to fit their particular uses. 

nACK<;ROUND 

Daia from instruments can be read di- 
rectly mlo computers to be stored, proc- 
essed, and graphed. Signals from the 
computer can be used to control the ex- 
perimental procedures and measuring 
instruments. Both these functions of 
computers have bcconie increasingly 
important in research and testing labora- 
tories, usually with expensive computers 
dedicated to specific ta-sks.*-^ Such tech- 
nology, however, is rare in physiological 
and other biological teaching laborato- 
ries, both because of expense and be- 
cause of llie difficulty of making appro- 
priate hardware connections and writing 
the necessary programs. 

All these barriers to the use of comput- 
ers in teaching laboratories — for con- 
trolling mstrumenLs and acquiring data 
from ihem — are now becoming much 
less formidable. Powerful and versatile 
systems are now available for these pur- 
poses, using the same relatively inexpen- 
sive microcomputers used for other pur- 
poses. Several of these systems are ad- 
vertised as being user friendly, requiring 
little electronic know ledge and no fami li- 
arity with programming languages.^*^ 
Most of these systems present menus for 
choices about their operation. 

THE CONTESTANTS 
The claim to be user friendly is made w ith 
special strength by the two systems for 
the Macintosh that were the primary 
subjects of my comparison. With both of 
them, the details of operation are pro- 
grammed by means of icons, similar to 



those familiar to users of the Macintosh. 
TTiese icons can be combined in flow- 
charts to eremite unique programs. In 
addition, many choices are presented in 
menus. The two systems include much 
the same sorts of hardware and software. 
The hardware consists of a board inserted 
in the computer and fastencdby acablcto 
an external connection block, which has 
screw-terminals accepting wires from 
any external source. The software in- 
cludes "drivers" for the board (invisible 
to the unsophisticated u.scr) and (lie 
iconic programming language. 

Tlie better known system is from Na- 
tional InstnimenLs of Austin, TX; the 
programming language is called 
LabVIEW. It may be used either with 
one of the National Instruments boardsor 
with boards supplied by certain other 
companies.* (I will, somewhat inaccu- 
rately, refer to the whole package tested, 
both hardware and software, as 
Labview.) 

Less well publicized is the system sup- 
plied by Su*awberry Tree of Sunnyvale, 
CA, whose software is called Analog 
Conne-ction WorkBench. It supports 
only the boards from Strawberry Tree. (I 
will call the whole system Workbench.) 

Tliese systems were compared directly 
Willi each other and less directly with 
Maci-Uib from .World Precision Insu*u- 
menLs (WPI) of New Haven, CT. This 
was seen in a demonstration by a WPI 
representative, in a "demo-disk," and ina 
colleague*s laboratory. MacLab is menu 
driven; yet it cannot be programmed in 
the sense the other systems can be (al- 
tliough many options arc presented) and 
does not have much capability of control- 
ling instruments (although this is prom- 
ised for the future)* It is mentioned in this 
comparative study because, in conspicu- 
ous contrast to the two systems being 
primarily considered, it was designed 
specifically to fit the needs and expecta- 
tions of physiologists and biologists and 
is accompaniedby instructions biologists 
liavc little u-ouble reading. 

BASIS OF COMPARISON 
The three systems were compared on the 
basis of versatility, suitability, and feasi- 
bility; ihey showed differences with re- 
gard to all three. 
Versatility was judged with respect to 



possible uses in the Dr;ikc Biology Dc- 
parunent, on the basis of trials of a few of 
the possible applications, andof infomia- 
tion in the insu-uction manuals supplied 
with the various systems. Our student 
laboratories include a variety of measur- 
ing instruments, all of which generate 
data that m ight usefully be analyzed with 
thecomputcr Most obviously, the labo- 
ratories in physiology, cell biology, and 
occasionally in general biology measure 
quantities that change in minutes or frac- 
tions of a second, including both biopo- 
tentials and physiological actions de- 
tected by transducers. In these and other 
areas of study, various instruments need 
to be turned on and of for triggered to per- 
form particular operations, all at particu- 
lar times and under particular circum- 
stances. Ilie need for powerand versatil- 
ity in student laboratories is increasing 
for our department as we increasingly 
involved undergraduate students in re- 
search activities. 

Suitability was judged by comparing 
the capabilities of the hardware and soft- 
ware (according to specifications and 
descriptions supplied by tlie manufactur- 
ers) with what were assumed to be the 
most difficult uses to which we might 
expect to put tliem, and by testing a few of 
these challenging applications, the tliree 
areas of greatest concern were frequency 
response (how fast changing a signal 
could be faithfully recorded), sensitivity 
(how small a voltage change could be 
detected), and data manip lation (how 
many of the desired analyses of data and 
comparisons between sets of data could 
be performed and how easily). Feasibil- 
ity was a judgement of how user friendly 
the systems really are — whether it will 
be practical to try to use them for our pur- 
poses. This judgement was based on my 
personal experience in the comparison 
project. Answers to quesdonsof feasibil- 
ity of such systems are very mMCh a 
function of the individual people who 
would actually use them. Can I, as the 
department member first involved in 
trying to use tlie systems, succeed in 
doing so in the time available? Can I 
expect other members of the department, 
with a Hide bit of help from me, to de- 
velop and apply the necessary skill to use 
the system in their laboratories? Will our 
students be able to do some of their own 
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programming for Uieir own projects? 

My personal capabilities for learning to 
use such systems are probably not 
unusual among physiologists and biolo- 
gists. I have long used, and occasionally 
tinkered with, a variety of instruments 
including physiological recorders. Many 
years ago I took two coursed in physics 
and one in electronics, and I have taken 
(but not used) three courses in simple 
computer programming. Just by using 
manuals and occasionally asking ques- 
tions of the experts, I have taught myself 
to do what I wanted to do with the Statis- 
tical Package for theSocial Sciences, and 
with Microsoft EXCEL, as well as learn- 
ing to use three word processing pro- 
grams on three different computers. 
Thus if I can use these data-acquisition 
systems, most biologists can. If I cannot 
do so williout extensive training, many 
others cannot either! 

Just on the basis of catalog descriptions 
and of the reviews that were available,*-'* 
it seemed fairly evident that the three 
systems constitute a progressive scries in 
both power and ease of use, with MacLab 
the least powerful and easiest to use and 
Labview the most powerful and the most 
difficult to use. But catalogs and reviews 
can be misleading. Some reviews in 
trade magazines are even written by rep- 
resentatives of the company promoting 
the product^ or are based heavily on the 
specifications furnished by various sup- 
pliers. Even the objective reviews of new 
technology, generally written by engi- 
neers, may not be realistic about the 
suitability of a product for the final user. 

ITie purposes of this comparison proj- 
ect were, first, to determine whether the 
published comparative descriptions of 
these tliree systems are correct, and sec- 
ond, to assess how tntical are the differ- 
ences among these s> 'ems in power and 
ease of use. The conclusion was that the 
comparative series is correct and that the 
differences can be critical. 

CONDITIONS OF THE TEST 
Representatives of Strawberry Tree and 
of National Instruments allowed me to 
borrow hardware, software, and manuals 
for two montlis in the summer of 1989. 
The two systems were installed in a 
Macintosh II computers with a 20Mb 
hard disk, furnished by a grant from 



Drake University Computer Intensive 
University Project. I worked principally 
from the manuals but made a few tele- 
phone calls for programming advice 
from the representative of the two com- 
panies. (Both Strawberry Tree and Na- 
tional Instruments supplied competent, 
quick, courteous, and imaginative advice 
by telephone.) The MacLab system was 
demonstrated to several faculty members 
a couple of months before the compara- 
tive study began; a demonstration disk 
and a manual continue to be available for 
reference, and a colleague in a neighbor- 
ing department has just begun working 
with MacLab, 

The two systems, Labview and Work- 
bench, were compared by setting up each 
one to accomplish two tasks. The first 
task was to receive an electrocardiograph 
signal, display it in real time, and record 
it for more detailed computer analysis. 
The second task was to supply power to a 
force transducer, receive, display, and 
record the signal, and facilitate zeroing 
and calibration. The capabilities re- 
quired by these two tasks are basic for 
phy.uological teaching laboratories and 
resemble the capabilities of popular 
physiological recorders (plus the ability 
to record data in a form suitable for direct 
analysis using the computer). In addi- 
tion, the capabilities tested broadly over- 
lap with those of MacLab, making that 
further comparison possible. 

It was originally intended that Labview 
and Workbench would be studied in an 
evenhanded way, but tliere came to be 
two expectations to that policy. First, 
Labview was installed and demonstrated 
by a company representative, who used it 
to program a **virtual instrument" (a soft- 
ware program controlling acquisition 
and use of data) for displaying and re- 
cording elecU'ocardiograms (ECGs). ^I 
later modified this virtual instrument for 
use with the force transducer.) Work- 
bench, however, was shipped to me, and 
I installed it and started using it on my 
own. The second exception was that I 
spent about twice as much time during 
the trial period working of Labview as 
with Workbench. 

COMPARATIVE DESCRIPTIONS 
Hardware 

Tlie differences in hardware between 



Labview and Workbench are not critical, 
but the MacLab hardware is significantly 
different from the others. 

The particular National Instruments 
(I..abview) and Stawberry Tree (Work- 
bench) data acquisition boards that were 
compared are very similarin capabilities. 
Both provide for eight channels of analog 
input (record i ng of quan ti ta ti ve e lectric al 
signals), and two channels of analog 
output (controllable direct current (DC) 
voltage up to -10 V]. Each also offers 
eight channels of digital output or input 
(pulses that trip switches or signal the 
state of switches). Tfie one important dif- 
ference between the two is that the 
Labview board (NB.MIO-16L.2.5) is 
described as having a maximum sam- 
pling rate of 40 kHz on a single channel, 
whereas the Workbench board (ACM2- 
12) can sample at a rate of only 10 kHz, 
This difference is critical for recording 
the shape of a nerve impulse. (Work- 
bench promises a new board soon, ca- 
pable of more than 40 KHz.) (For record- 
ing on multiple channels simultaneously, 
the sampling frequencies possible may 
be reduced by as much as a factor of five.) 

Either board is connected by cable to an 
external panel with screw- terminals for 
wires to and from laboratory instruments. 
The Labview connection panel is a little 
easier to connect wires to but is not as 
well labeled as the Workbench panel; 
labels facilitate using the right terminal. 
The Workbench panel offers 5, 12, and 
6.9-V fixed power sources, the Labview 
panel only 5 V. The 5-V source is in- 
tended for use with tlie digital signaling 
system, but can be used to supply excita- 
tion voltage to a bridge-type transducer, 
as can the 1 2- V source. The 6.9-V supply 
in the Workbench board is described as 
regulated, to give an est)ecially steady 
excitation. But the manuals for both 
systems warn that llie power sources 
available on the connection panel might 
not supply a full eight transducers at once 
— perhaps only two or three. (With the 
12-V supply from the Workbench board, 
transducers might be connected both in 
series and in parallel, to a fairly large 
total, depending on their resistances and 
voltage requirements.) Thus for multiple 
transducers, it may be necessary to use an 
external battery or power supply any- 
way; so the differences between conncc- 
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lion panels arc not critical. 

In contrast to these two systems, 
MacLab has no internal board for llie 
computer; ttie hardware is external, with 
connections by way of the serial port, 
(ihis means thai data may be acquired 
using a Mac Plus; a Mac SE or Mac II is 
not required, but the hardware is much 
more expensive.) The external hardware 
includes a power supply for transducers 
and circuitry for balancing, zeroing, and 
calibrating them, preamplifiers for mag- 
nifying weak sif^Tials, and a stimulator. 
The frequency response on one channel 
is 40 kHz, sufficient for nerve impulses. 
There are no provisions for digital input 
or output for us in controlling instru- 
ments, although the stini ulator output can 
be used for some kinds of control. The 
model I have seen provides only foui' 
channels of analog input, one channel of 
analog output, and no digital input or 
output (compared witli 8,2, and 8, respec- 
tively, for the other two systems.) A 
newly available version offers eight 
channels of analog input, but still no 
digital capability. 

Software 

Both Labview jmd Workbench can be 
described as progiamming languages 
that use Macintosh icons instead of writ- 
ten commands. The programmer selects 
icons from a menu and arranges and 
connects them by **wires" into a flow- 
chart The software instantly creates a 
program that carries out the operations 
indicated. The flowchart remains as an 
easily readable documentation of how 
the program works. National Inslni- 
menls uses the term ''virtual instrument" 
for these programs and for their visual 
representation as flowcharts. LabVIEW 
is an acronym for Laboratory Virtual 
Instrument Engineering Workbench. 
For some particular instruments. Na- 
tional Instruments offers prewritten vir- 
tual instruments in which the appearance 
of the computer screen closely mimicks 
the front panel of the instrument being 
controlled and monitored. In this discus- 
sion, I will occasionally use the term 
'Virtual instrument" for flowchart pro- 
grams of either system. 

For building :\ virtual insuiiment, tliere 
are icons representing particular analog 
input channels (for receiving electncal 



signals that may vary in any pattern), 
analog output channels (for emitting 
electrical signals in some pattern), and 
digital input and output channels (for 
signals that are either on or ofQ- Each of 
iliesc external icons represents one of the 
sets of screw-terminals on the external 
panel. There are also internal icons for 
generating values or pulses, turning parts 
of the program on or off, and performing 
a great variety of mathematical and logi- 
cal operations on signals coming to tliem. 
Finally, there are icons for logging data 
onto disk ana for displaying it in meters 
or Chans. 

Once the programmer has in mind 
which icons to connect in what order, this 
is easily accomplished with eitlier 
Labview or Workbench, using the 
mouse. A particular setup might take 15 
minutes to consU'uct with Labview as 
opposed to only 5 minutes with Work- 
bench, because in Labview the mouse 
must be changed into particular '^tools', 
and because "wires" must be removed 
from them before icons can be shifted. 
But the result is a somewhat more read- 
able flowchart. Similartradeoffswitliout 
great advantage to cither system can be 
noted with regard to many other small 
differences in the styles of the flowcharts 
of Labview and Workbench. 

The really critical difference between 
Labview and Workbench is in the num- 
ber of different icons. Workbench has 
only 14 (although some of them represent 
a great variety of functions that can be 
chosen), whereas Labview offers many 
more, many hiuidreds, often with mul- 
tiple options. A large fraction of the 
Labview icons perform functions that 
can be duplicated by combining two or 
more Workbench icons; another large 
fraction perform functions and manipu- 
lations of data that cannot be so dupli- 
cated with Workbench. 

Us many functions make Labview not 
only a data-acquisition system but a 
powerful data-processing program as 
well. It can perform not only algebraic 
manipulations but sophisticated statisti- 
cal analysis and several kinds of Fourier 
analysis, among others. It appears that 
most often these analyses would be per- 
formed on alreaJy-coUcctcd data, but 
some might be important on-line for 
changing, automatically, some aspect of 



the whole setup. 

Workbench, ;r comparison, has limited 
data-processing capabilities. Many alge- 
braic functions or two streams of data 
may be calculated and then logged, dis- 
played, or used to con trol something, but 
statistical and other analyses are hardly 
represented. Thus any detailed analysis 
of data acquired from Workbench re- 
quires logging the data and entering them 
into a spreadsheet, statistical, or graphics 
program. 

Any analysis of recorded data that is 
done by a data-acquisition program can 
be done equally well by one of these other 
programs, so the critical importance of 
capabilities for data analysis concerns 
what can be done on-line. The first 
important reason for a data-acquisition 
program to include some processing 
abilities (as both Labview and Work- 
bench do) is to give immediate display of 
the derived output of some instruments, 
for immediate use. Tlie second reason, 
potentially much more important, to use 
the results of calculations to turn on log- 
ging or fast recording, to prompt ihe 
sending of a digital control pulse, or to 
control the response to an incoming sig- 
nal pulse. Labview offers a greater vari- 
ety of calculations that can be used for 
such purposes. 

The problem with having multiple 
icons for programming and multiple 
choices for calculations, as Labview 
does, is that there is so much to learn 
before a virtual instrument can be con- 
structed. Although the manual describes 
each icon, it is difficult to know which 
description to look- up, and in what se- 
quence the descriptions must be studies 
to be intelligible. Furthermore, the man- 
ual is uneven in its treatment. It gives a 
good description of how to manipulate 
and**wire" icons on the screen and how to 
use simple calculation icons to achieve a 
result However, it gives very little guid- 
ance in the use of the more advances 
features, i.e., multiple icons for conu*ol- 
ling analog input and output and "struc- 
tures" for defining the sequence or dura- 
tion of particular operations. Conse- 
quently, it is just not practical to use the 
manual to teach oneself to use Labview to 
construct a variety of virtual insU'uments. 
In sharp contrast, on can easily learn to 
build virtual insu*uments with Work- 
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bench, using just the manual. 

Feasibility: hands-on experience 
These opinions are based on and illus- 
trated by my hands-on experience during 
the summer of 1989. Workbench manual 
in hand, I created, in a few hours, a virtual 
instrument that displayed my ^CG very 
well, and I added a feature that kept the 
mean voltage at zero. In a few clays, I 
modified and augmented this into a vir- 
tual instrument that supplied excitation 
to a force transducer and displayed its 
output, that corrected the output to zero 
when no load was applied, and that cali- 
brated the virimil instrument to give a 
display in grams. At first, I had to type in 
values (generated by the instrument) for 
zeroing and calibrating, but in another 
day's work I modified the virtual instm- 
ment, so that when I pressed a button 
(with the mouse) when there was no load, 
the instrument zeroed itself; with a 2-g 
standard added, I pressed another button, 
and the instrument calibrated itself, I am 
now confident that I can learn to pcrfonn 
a greater variety of such control and data 
manipulations and can show my col- 
leagues and students, in minutes or hours, 
how to begin to do this for themselves. 

My experience with Labview was dif- 
ferent The National Instruments repre- 
sentative had used Labview to create for 
me a couple of virtual instruments for 
displaying ECG (it took him a number of 
minutes). Using themanual, I worked for 
several weeks to modify and augment 
one of these to display calibrated data 
from a force Uansducer. For 2 weeks I 
was frustrated as I have ever been; then I 
began to understand how to do such 
simple things and construct a quite satis- 
factory virtual instrument that I could 
zero and calibrate by typing values from 
a display into an icon. I spent a week or 
two trying to duplicate my Workbench 
provision for automatic zeroing and cali- 
brating, but i was not successful. (I think 
I waspretty close when I decided toquit!) 
I would guess that if I spent 2 or 3 months 
doing nothing but read the manual and 
tinker with Labview, I could learn to use 
it quite effectively (and so could some 
other biologist). But it would not be an 
efficient thing to do (and might not yield 
a sane biologist!) 

National Instruments offers 3-day 



training courses in Labview for about 
$500 per person; in retrospect, it would 
have been wise for me to include a 
Labview training course in my evalu- 
ation project. It is my judgement that a 
department should plan to use Labview 
only if it can provide such training for 
everyone who is expected to create new 
virtual instruments. I suspect that even 
with the training it would require quite a 
bit of practice to become and remain 
proficient in Labview. Given the slim 
budget of our department and the only 
tentative interest on the part of some 
members who might profit from a data- 
acquisition system, I was not able to 
recommend that we choose a system that 
requires so much U^ining for its users. 

How much did our department lose by 
not choosing Labview, the more power- 
ful system? I cannot give a clear answer 
to that question. Fordata that have previ- 
ously been gathered, Labview has many 
provisions not provided by Workbench 
for processing, comparing, and display- 
ing them. However, the most important 
of these processing capabilities are other- 
wise available. Faculty and students at 
Drake University have Microsoft EX- 
CEL available to them; this or another 
spreadsheet program can perform most 
of the manipulation, statistical analysis, 
and graphing in which we might be inter- 
ested. Also, quite a number of the func- 
tions of which Labview is capable, fast 
Fourier analysis is an example, are more 
commonly used by physicists and engi- 
neers than by physiologists and biolo- 
gists. 

The third system, MacLab is, again, 
quite different There is no programming 
(iconic or otherwise) to perform special 
tasks, although there is a gre<u deal of 
choice about such things as amplifica- 
tion, calibration, sampling rate, and dis- 
play. MacLab can perform several analy- 
ses of data, di f f eren t b ut somew hat com - 
parable to the capabilities ot Workbench, 
but not approaching the variety of 
Labview. MacLab has several built-in 
functions — difficult or perhaps impos- 
sible to duplicate with Labview or Work- 
bench — that a physiologist might find 
very attractive. Most notably* one can 
review a complicated curve on the 
screen, use the mouse to select a portion 
of it, display that portion in greater detail. 



and store just that portion on spreadsheet 
form. Also, if one points with the mouse 
to a particular point on a curve on the 
screen, the program will display the 
numerical value (to several decimal 
places) of the coordinates at ttiat point, 
and if desired, the slope. Other provi- 
sions similariy mimic and facilitate the 
kinds of examination commonly made of 
data gathered with physiological record- 
ers and oscilloscopes. Da^i; io logged to 
disk for lunher analysis on a spreadsheet 
just as with the other two systems. If one 
wishers only to duplicate (atasaving) the 
actions of physiological recorders and 
simple oscilloscopes, to add a few new 
analyses, and to record data for computer 
processing, MacLab is the easy way to do 
iL Irs manuals are detailal and well 
written, specifically for physiologists 
and their projects. But one must then 
settle for the (very nice) options that 
MacLab offers, and for only a very lim- 
ited ability to control insU'uments. 
(Worid Precision Instruments now offers 
a software program, WaveEdit, that costs 
$400 and is said to work on any data in 
spreadsheet form and that includes many 
of MacLab's abilities to display data in 
graphic form for closer examination, 
selection, and storage. This capability 
may prove useful whatever system is 
used to acquire tlie data.) 

Speed 

All three systems can record data for a 
limited period in a "fast mode'\ with 
sampling frequency limited only by the 
hardware: 40 kHz lor Labview and 
MacLab, 10 kHz for Workbench. I pre- 
sume they all function as advertised. (I 
have used this capability of Workbench, 
quite successfully, to record, calculate, 
and eventually display the"locp" of elec- 
trical axis of the heart.) 

During normal (as opposed to fast 
operation, however, the three systems 
differ significantly in "cycle time" and, 
hence, in how faithfully any rapid 
changes of a signal are displayed or re- 
corded. The cycle time is a function of 
how fast the software performs various 
calculations and adjustments. The effect 
of cycle time can be illustrated by my 
experience with displaying the ECG, A 
virtual insu*ument made will) Workbench 
displayed an acceptable ECG on a con- 
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tinuous basis. Similarly, one of tiic stan* 
dard options of MacLab did this at least as 
well. 

By contrast, the similar Labview virtual 
instrument displayed ongoing EGG very 
imperfectly and inaccurately, not much 
more than an occasional blip on the line. 
This was not due to any deficiencies in 
the virtual instrument made for me by the 
National Instruments representative; 
rather, it was because Labview is very 
slow and cannot handle such rapidly 
changing signals. To understand Uiis 
difference in effective speed, I compared 
cycle time (time between successive 
sampling of data) for my Workbench and 
Labview virtual instruments thai zeroed 
and calibrated the output from a force 
transducer. The rival setups were nearly 
identical in number of icons and equally 
straightforward. However, the cycle 
time of the Workbench instrument was 
only 35 ms, whereas that of the Labview 
instrument was 1.1 s, nearly 30 times as 
long. It was only by accident that a 
sampling rate in iliis range would detect 
any indication of an ECG pattern! (This 
shows why, for rapidly changing daia, 
the analytical and processing power of 
Labview cannot be used on line and m ust 
be applied only to data already recorded. 
This applies to complicated Woricbench 
manipulations as well.) 

Inventing new capabilities 
The Workbench literature includes fairly 
detailed instructions to programmers 
who wish to create new functions to use; 
such functions become new options 
witliin the calculation icon. But pro- 
gramming such new functions requires 
skill witli a programming language. Thus 
the level of difficulty of using Work- 
bench increases abaiptly form "iconic 
programming" to "new funciior " 

Although MacLab does not have a pro- 
vision for simple iconic programming, 
the company offers (at a cost of $595) a 
programming system using Pascal lor 
creating new applications. 

This is where Labview is clearly supe- 
rior to the other two systems. All the new 
functions one might need are already 
available, symbolized by icons. Al- 
though it is more difficult to learn and to 
use for simple applications, Labview 
would seem to be no more difficult for 



complicated applications than for simple 
ones. 

Like everything else in the computer 
world, data-acquisition systems are 
changing rapidly. All three companies 
considered here have recent or expected 
innovations in both hardwaie and soft- 
ware. National InsUoiments' newest 
catalog offers new, less expensive boards 
for classroom use. Strawberry Tree says 
a board with higher frequency response is 
imminent. World Precisions Insirunnenls 
now offers eight channels, and, eventu- 
ally, digital control. 

It would be comparatively simple for 
lx)th National Instruments and Straw- 
berry Tree to make their systems far more 
attractive to physiologists and biologists 
than they are now. They could create half 
a dozen virtual insU'uments to gather the 
kinds of data most commonly of interest 
tc physiologists and biologists, supply 
these virtual instruments on a disk, and 
accompany them with detailed instruc- 
tions for their use. The virtual instru- 
ments would not need to be much more 
sophisticated than those I made last 
summer. Given such aids» new users 
could begin to use LabVIEW or Analog 
Connection Workbench immediately. 
Some users would never need to create 
new virtual instruments for themselves; 
these would fill all their needs. Those 
who wanted innovations could easily 
copy and then modify these standard 
virtual insUaimenls or follow ilieir pat- 
terns in creating new ones. 

Costs 

Any of these systems could replace, at 
considerably lower cost, most or all of the 
functions of standard physiological re- 
corders and simple oscilloscopes, while 
adding the capability of reading data di- 
rectly into computers for further detailed 
analysis. Comparative cost among the 
three systems depends not only on the list 
prices, but also on particular components 
chosen and any educational discounts 
thai may be available. 

Ihe list prices (in US dollars) for the 
configurations compared in this article 
arc as follows, based on the most recent 
price lists I was given. 

National InsU*umenLs: 
Boaid 1,195 



Connector 150 
Labview 1,995 
Total 3,340 

Suawberry Tree Computers: 

Board 1,190 

Connector 179 

Workbench 995 

Total 2,364 
(The cost of a spreadsheet program for 
analyzing the data must be added to this.) 

World Precision Instruments: 

MacLab 2,925 

MacBridge 975 

Total 3,900 
(As Willi Workbench, detailed data 
analysis requires additional software.) 

The most expensive component of any 
of these systems is the computer itself, 
preferably with a hard disk, if any amount 
of data is to be collected. That is where 
WPls MacLab has the advantage, since it 
can be used with any Macintosh. The 
particular boards for Labview and Work- 
bench whose properties have been com- 
pared here are for a (relatively expensive) 
Mac II. For multiple use in a student 
laboratory, it would be preferable to be 
able to use the same iconic programming 
capabilities in a (less expensive) Mac SE 
(the smallest Macintosh that will accept 
an internal board,) Both companies make 
boards for the SE that might be suitable 
for student use, but with limitations. 

National Insuiiments offers the Lab-SE 
board for only $595, It has the same 
numbers of analog input, analog output, 
and digital input-output (I/O) lines as the 
board for tlie Mac II, and an even faster 
sampling rate of analog input, i.e., 125 
kHz. But the analog input channels are 
single-ended instead of differential. It is 
m y understanding that it is either dif ficul t 
or impossible to use single-ended chan- 
nels for signals from bridge-type 
transducers, amajorpariof physiological 
insuumentation. So their suitability is 
doubtful (A representative of National 
Instalments informs me that it would be 
possible to construct a virtual insUaiment 
that converted the 8 single-ended chan- 
nels into4 differential ones. If that virtual 
instmment is supplied, the Lab-SE board 
would be much more suitable for use in 
physiology laboratories.) 
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Siawberry Tree Coinpulers offers the 
ACSE-12-8 (for the SE) for only $695. 
Its analog input channels and digital I/O 
channels are like those of the board for 
the Mac IL But the SE board docs not 
support any analog output channels, a 
moderately serious deficiency. The use 
of analog output to supply excitation 
current for bridge transducers can easily 
be replaced by connecting these to the 
several fixed-voltage supplies present on 
the connecting panel. Uses of analog 
output for providing stimulating im- 
pulses at programmed limes can proba- 
bly be replaced by using an external 
power supply (such as a stimulator) and 
regulating it by way of the digital output. 
I suspect that these substitutions would 
prove pnictical in slurtcni laboratories, so 
that lliis board would be useful. 

COM PAR ATP 'E SUMMARY 
All three system s were judged suitable 
for use m siu • ! laboratories; they will 
gather the kiiiu^ of data we are likely to 
want the kinds of experiments rou- 
tinely done. Each system, however, has 
limiialions. Tlic MacLab system cannot 
be used for digital control of instruments, 
which may be important for some teach- 
ing purposes. The suitability of Work- 
bench for recording nerve impulses de- 
pends on a new board with higher fre- 
quency response. Tlie Labview system 
does not work well for displaying a fast 
signal on-line. B ut it is the only one of the 
three capable, by itself, of doing nearly 
all the kinds of data manipulation and 
analysis which might be of interest; the 
other systems must be supplemented 
witli other analytical software such as a 
spreadsheet. 

The versatility of both Labview and 
Workbench was judged quite sufficient 
for all our anticipated needs (altliough 
that of Labview is quite a bit greater). 
The versatility of MacLab is much less 
than that of the other two: this difference 
was decisive in eliminating it from con- 
sideration for our immediate purposes of 
investigating all possible applications. 

The feasibility (ease of use) also dif- 
fered dcx:isively. MacLab is much supe- 
rior in this regard, whereas Workbench 
requires more effort than MacLab but is 
still quite acceptable. By contrast, it 
would be feasible to use the Labview 



system only if all tliose people putting it 
into operation took a U'aining course in its 
use. On this basis, Labview was elimi- 
nated from considerations for our depart- 
ment at the present time. 

USING COMPUTERS IN TEACHING 
LABORATORIES 

It has now become truly feasible for 
physiologists and other biologists — 
with no special U'aining in either elec- 
tronics or computer programming — to 
use computers in teaching laboratories 
for acquiring as well as manipulating 
data. The three systems reviewed here 
can, to different degree, make such use 
feasible. Just what applications of this 
technology are practical, and how much 
these applications can improve the edu- 
cational process, are matters still to be 
detennined. Our department will be 
considering these questions intently in 
the near future and probably for a long 
time to come. Other departments will 
need to make tJie same judgements. 1 ne 
following possible uses are among those 
iliat need to be evaluated. 

Recording data for later analysis 
Data recorded directly into a computer 
are stored in a form diiectly accessible to 
spreadsheet and statistical programs, 
eliminating the necessity of keying in the 
data. For isolated values, Uiis isoflimital 
value, except that the values arc pre- 
sented in numerical form and need not be 
estimated from a U'acing. The real utility 
comes of there is intCiT^t in a continuous 
sU'eam of data or a whole sequence of 
sampling points or if the computer can be 
used to pick out the points of in tcrest from 
such a stream or scries. Some laboratory 
exercises may be devised or improved by 
taking advantage of these capabilities. 
All three systems reviewed here record 
data quite satisfactorily, but only 
Labview provides, of itself, a wide 
choice of further analyses. 

Constructing physiological simulations 
Any physiological process or conU'ol 
system that might be simulated with an 
elecU'omechanical model can be even 
more easily simulated with a virtual in- 
strument constructed using Workbench 
or Labview, Kiel and Shepherd, * using 
Labview» have published a simulations 



of several cardiovascular functions. 
Constmcting such simulations is much 
easier using iconic programming than 
with o^nventional programming lan- 
guages. Tlie available opdons for display 
will probably not allow the simulations to 
appear either realistic or esthetic, but the 
available labeling capabilities can allow 
thein to be quite informative. With 
Workbench (but not with l^bviev^) it 
would be suitable to assign the consUiic- 
tion of simple simulations as student ex- 
ercises. 

Enhancing and replacing instruments 
Any device that emits an electrical signal 
in proportion to some quantity of biologi- 
cal interest can be connected to the com- 
puter wiili one of these systems reviewed 
here and be zeroed and calibrated. The 
data can be sampled and recorded con- 
tinuously or at chosen intervals or cir- 
cumstances, a)l with minimal difficulty 
and at no expense after the initial invest- 
ment. This means that it may be cost 
effective to replace physiological record- 
ers (and some associated equipment sucfi 
as preamplifiers and stimulators) with 
computer systems. Beyond this, it is 
possible to take antiquated but still func- 
tional measuring insU'uments alrciidy 
available in a teaching laboratory and, by 
connecting them to a computer system, 
turn them into modem "smart" insU'u- 
ments capable of various calculations 
and enhancements. The Labview and 
Workbench systems lend themselves 
well to this kind of use. With Work- 
bench, it would even be possible to have 
students plan and program the enhance- 
ments to be made with certain insU'u- 
ments; this would be a way of assuring 
that the students understand what their 
instruments are doing. In contrast, 
MacLab can receive, amplify, and record 
the output from instruments, but the 
connection cannot be as thoroughly cus- 
tomized as with the other two systems. 

Automating laboratory manipulations and 
data gathering 

Many experiments that might be of inter- 
est in a teaching laboratory require sev- 
eral hours of elapsed time, during which 
conditions are manipulated and data is 
gathered. Such an experiment cannot be 
fitted into a 2- or 3-h laboratory session, 
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and there are often miiny practical diffi- 
culties to huving even a few of Uie stu- 
dents work during the extended period 
necessary. Such computer systenns as 
tliose described here may make such 
extended expcnments more feasible. 
Many experimental manipulations (tum- 
ing lights on or off, adding some ingred^ 
ent to a solulio^i, even adjusting Uie ten- 
sion of a connection) can be performed 
by electronically controlled switches, 
pumps, or motors. With computer sys- 
tems (Labvicw and 'Vorkbench) that can 
send and receive digital signals, it seems 
as though it would be relatively easy to 
prepare a program that would conu-ol 
such manipulations and record the ensu- 
ing data (which could be scmtinized 
during the following session of the labo- 
raiv^ry.) 

There are, however, several immedi- 
ately obvious problems to such an ambi- 
tious scheme. How to make connections 
of digital control-signal devices to the 
coni. uler is not intuitively obvious, and 



the manuals of both Labvicw and Work- 
bench lack a complete discussion. Even 
more importantly, the various peripheral 
devices needed for such automation 
come with many different specifications, 
dvd thephysioiogist/biologistis unlikely 
to be confident of which ones are most 
suitable. Because the costs of such de- 
vices range from fairly expensive to very 
expensive, it is not cost effex:tive to learn 
which are suitable by buying many kindi 
and trying them all. It will require efforts 
by many people to determine whether 
such automated arrangements are suit- 
able for student laboratories and to in- 
struct biologists in setting them up. 

I look forward to reading, in future 
issues of Advances in Physiology Educa- 
tion, many descriptions of the successful 
use of computers in teaching laborato- 
ries. 
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A COMPUTER-BASED APPROACH 
TO REINFORCING COMMON 
PRINCIPLES IN BIOLOGY 

Harold I. Modell 

Nattional Resource for Computers m Life Science Educalion. Seattle 'Vashingi, 



Students often approach each course in a 
curricuhim as a body of completely new 
information iliat has little in cominon 
with previous or future courses. In doing 
so, Uiey fail to realize iliai our under- 
standing of biolopical phenomena is 
based on a set of basic principles that arc 
applied in a variety of ways. For ex- 
ample, the rate of molecular lawvctnctu in 
biological systems by diffusion is gov- 
erned by the satnc factors regardless of 
whetlier that movement is in a plant or in 
an animal system. Our task as "te^C'iers" 
of biology is to help students recognise 
the existence of tlicse common principles 
so that they can develop a conceptual 
framework in which what iliey now per- 
ceive as new knowledge is, instead, 
viewed as an extension or application of 
prior knowledge. Many colleagues 



would argue thai ihey do. indeed, n-.in- 
forcc the notion of common principles by 
referencing prior applications when p)re- 
sen. ) sig new topic material. For example, 
when a pulmonary physiologist dis- 
cusses gas exchange, he may mention at 
some point in the presentation tliat the 
equations governing alveolar gas ex- 
change arc bascJ on the same principle of 
conservati on of mass as the "Pick" eq ua- 
lion for cardiac output oi renal clearance 
cqua.Rns. This reminder is often one 
sentence in a «u-eam of infoimation that 
contains unfamiliar symbols and cer- 
tainly not the same symbols that were 
used when conservation of mass was 
presented previoasly. It mcy precede or 
follow presentation of the new applici- 
tion of tlie principle. In eitlier case, the 
student m '.st associate tlie system spe- 
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cific equ?non name (eg. Pick) wiih ihe 
principle before the similarity between 
applications can be made. Asaresull,the 
student often ireals the new applicaiion 
as completely new information with a 
mental note to look back to find out what 
the Pick equation is all about. The 
student has again failed to apply prior 
knowledge to a new situation. 

One approach to this problem may be to 
"precondition" students by exposing 
them to common principles in the context 
of the course material prior to the actual 
presentation of the course material. The 
purpose of this exposure would be two- 
fold; first, to expose students to the un- 
derlying principle, and, second, to make 
them awai-e tliat these principles are 
applied in a variety of ways in different 
aspects of the course material. Taking 
this approach, we have begun to develop 
a scries of computer exercises designed 
for use in an independent study setting 
focusing on common themes in mam- 
malian physiology. The purpose of this 
article is to describe the underlying phi- 
losophy and the key elements of ihe pro- 
gram developed to make students aware 
of the variety of ways in which conserva- 
tion of mass is annlicd to physiological 
systems. 



INDICATOR DILUTION EXPERIMENTS 
1 ) G ENERAL 

2) BODY FLUID VOLUMES 

3) LUNG VOLUMES 

MASS BALANCE EXPERIMENTS 

4) MIXING FLOWS 

5) BLOOD-TISSUE GAS EXCHANGE 

6) MASS BALANCE IN THE KIDNEY 

7) PULMONARY GAS EXCHANGE 

8) QUIT 

CHOICE? 



FIGURE 1. Main menu from conservation of 
mass program The menu follows several icxl 
screens defining conservation of mass and 
emphasizing il5 importance in physiology. 



TUTORIAL, DRILL AND PRACTICE, 
OR SIMULATION? 

Tlic overall goal of* the program was lo 
acquaint students with Uic principle of 
conservation of mass and demonstrate to 
them that even though specific applica- 
tions of the principle may appear differ- 
ent, the underlying concept is still the 
same. To do this effectively, the student, 
of course, must be an active participant in 
the exercise and must be able to control 
the flow and extent of the experience. 
The first design question then became, 
"Can these goals be best met by using a 
tutorial, drill and practice, or simulation 
format?" 

A traditional tutorial formal in which 
informauon is presented and its acquisi- 
tion tested is best suited for a progression 
of new information. However, the goal 
of this exercise was to promote the im - 
pression tliat the content underlying each 
aspect of the exercise ■ as the same. 
Thus, although components of the pro- 
gram could certainly contain tutorial 
aspects, the o verall thrust of the program 
should not be thai of h tutorial. 

If the goal of the program was to help 
students become adept ?l applying the 
principle to physiological situations, the 
program should certainly provide re- 
pealed opportunities to work problems. 
In that sense, it should coniain some 
aspects of (^rill and practice. Only, in this 
case, the student should play a role in 
defining the problem, and she .should be 
able to control tl^e total number of prob- 
lems to be attempted. 

Tlie program should also coniain some 
aspects of asimulation,for if applications 
of the principle are to be illustrated with in 
tlie context of an experimental science, 
the student should paiticipalc in design- 
ing and conducting cxpcnments. 

The format of the program, then, con- 
tains a.spccts of all three approaches. The 
overall context of the exercises is that of 
a series of simulated experiments, all 
rcquiiing some aspect of a conservation 
of mass analysis for determining Uie 
value of the parameter being sought. In 



defining the specific experiment, the 
student provides descriptive data about 
the subject or conditions of the experi- 
ment. From this description, the program 
calculates values for the physiological 
parameters within the system being 
tested. Til us, the simulaf^d e^no-riment 
leads to a drill and practice problem. 
Each drill and practice problem contains 
appropriate feedback for reinforcing ihe 
how consen'ation of mass is applifxl lo 
he problem, should that be necessary. 

PROGRAM OVKRVIKW 
The program begins witli several text 
screens defining conservation of mass 
and empha:.i/ing the range of applica- 
tions to which this principle can be ap- 
plied. This introduction ends by alerting 
the siudent to the overall goal of ttie 
program. The main menu, shown in 
Figure I, shows the orgr.ni/aticv\ of the 
exercises. Two general aspccu^ c / con- 
servation of mass are illusiratcd. The 
first is use of an indicator to detc; nine an 
unknown volume. Three cx^xiriments 
areincluc^.ed. '^ccu''?o( ilv..'^\sJc>.;3eri- 
ment is to icnonstiaie the i:s^ of ilie 
indicaioi 4ilut.on VrdAi.j^uc u^^-ng a 
si rjple experimental The other 

expcr.n-.cnts in this s :nes illusUt vC appli- 

EXk .-. 1: INDICATOR DILUTION - GENERAL 

PURPOSE; To dc?tnonst r ate that, in a well 
»ixG 1 system, volume can be 
deteimined from u known 
quantity of indicator and the 
final indicator concentration 

MATERIALS. Beaker, liquid, indicator, 

etxrrer, concentration meter 

PROCEDHRE; Place a volume of liquid in 
the beakor. Add a knowr 
amount of indicator. 
Mix well. Measure tne 
concentration of Indicator 
in the beaker. Calculate the 
volunio of liquid from the 
starting amount and final 
concentration of indicator. 

(PRESS ANY KEY TO CONTINUF) 

FKJURK 2. ocrccn iivrcilucing ExncrimetU 
I tocusing on the apolicalion rt consor/alion 
of mass lo indicalor dilution tec hniauts. 
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cations of this technique in physiological 
systems. The program flow then leads to 
application of mass balance relationships 
under various steady-state conditions. !n 
this scries of experiments, mass balance 
relationships are applied in a variety of 
ways using examples from cardiovascu- 
lar, respiratory, and renal physiology. 

INDICATOR DILUTION 
EXPERIMENTS 

In this series of experiments, the student 
begins by confinning for himself that he 
can determine a unknown volume by 
adding a known amount of indicator to 
that volume, and, after the indicator is 
evenly distributed within the volume, 
measuring the final concentration (Fig- 
ure 2). In a laboratory setting, the student 
would take a beaker containing a known 
amount of water, add a known amount of 
indicator, mix the system, measure the 
final indicator concentration, and calcu- 
late the original volume put into the 
beaker. Tlie program provides a simula- 
tion of this experiment and shows the 
student the calculations involved (Figure 
3). The student can either repeat the same 
experiment, change the volume in the 
beaker, change the quantity of indicator, 
or stop the exercise (Figure 4). When the 
student elects to return to the main menu. 



he is presented with one addition'\l ex- 
periment in which an unknown volume 
has been put into the beaker. Thestudc.ii 
must then apply the calculation that has, 
so far, only been presented to him. If the 
student supplied answer in incorrect, the 
rationale underlying the calculation is 
reviewed, and the program suggests fur- 
ther examination of the principle with 
this set-up. 

Having focused on the basic principle 
of indicator dilution, tiie next step is to 
deal 'vith indicators that have specific" 
volumes of distribution. Body fluid vo- 
lumes serves as the context for this exer- 
cise. The student may measure plasma 
volume, extracellular fluid volume, or 
total body water using an indicator with 
the appropriate volume of distribution. 
The student defines the subjex^t by pro- 
viding the subject's weight. The pro- 
gram calculates values for various fluid 
volumes using sta.idard relationships 
between body weight and individual 
fluid volumes, but it does not reveal tliese 
values to the student. The student then 
defines the volume of interest that will be 
measured and the amount of indicator 
added (Figure 5). The experiment is 
conducted, and ihe student is presented 
with tlie final concentration of indicator 
in the plasma. The student must then 



UOL = QUANT / CONC 

L =: MG / <MG/^L> 
2 = 50/25 



FIGURE 3. Final screen showing general indicator dilution expcrimeni. Earlier screens show 
the indicator being added to the beaker and the solution being sorred until the indicator is well 
mixed within the system. 



OPTIONS : 

V « CHANGE VOLUME IN BEAKER 

I « CHANGE QUANTITY OF INDICATOR 

G GO AGAIN 

M « RETURN TO MENU 

CHOICE? 

F7GURE 4, Options menu for Experiment 1 . 
This screen follows the one shown in Figure 3 . 
The student can choose lo change experiment 
variables, repeal the experiment, or return to 
the main menu. 



calculate ihe volume of interest (Figure 
6). If the calculated answer is correct, the 
correct answer is confirmed, and the stu- 
dent is allowed to continue. If the answer 
supplied is incorrect, tutorial assistance 
is provided. The student may then elect 
to repeat the experiment using a different 
subject, a different volume of interest, or 
a different quantity of indicator. In itiis 
format, the student may generate a large 
number of problems dealing with the 
same relationships. To extend this range, 
the program includes a small amount of 
noise in the calculated volumes to ac- 
count for biological variation. Hence, 
repeating the experiment with two sub- 
jects of the same weight does not neces- 
sarily yield the same values fo: Jie vari- 
ous volumes. 

The next exercise provides another 
example of an application of indicator 
dilution techniques, in this case, the 
volume is the lung volume at end-expira- 
tion, and the indicator is a tracer gas. Tlie 
student again provides data describing 
the subject from which the program cal- 
vulatcs the "unknown" value of the vol- 
ume of interest. The experiment is a re- 
breathing expcrim3nt, and the student 
must also supply the volume of the re- 
breathing b.?g and the amount of the 
tracer gas to be used. In this exercise, the 
pictorial representation looks very differ- 
ent from tiiat in the previous exercise 
(Figure 7). Although the problem 
**looks" different, the principle applied is 
the same. 
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SUBJECT'S BODY WEIGHT (KC)? 70 
BODY FLUID VOLUMES: 

VOLUME INDICATOR 
1) PLASHA VOLUME EVANS BLUE DYE 



BAG 



FINAL TRACER AMI 



2) ECF VOLUME 

3) TOTAL BODY WATER 

CHOICE? 



INULIN 
ANTIPYRINE 



FIGURE S. Inpui screen from Body Fluid 
Volumes experiment. After designating the 
subject's body weight, the student can choose 
to measure plasma volume, extracellular fluid 
volume, or total body water. After choosing 
the volume of interest, the student is prompted 
for the amount of indicator tlial will be used in 
iJie experiment. 

MASS BALANCE EXPERIMENTS 
Tlie experiments in this portion of the 
program present Ihc student with ex- 
amples of situations from various areas 
of physiology that utilize mass balance 
calculations under steady-state condi- 
tions 10 dciciTnine values for desired 
piiramciers. In each case, the student 
defines specific aspects of the problem 
from which the correct value of the un- 
known parameter is calculated. Data are 




UOL X 
5 L X 



UOL 

? L 



FS^ACTION 
.025 



FRACTION 
.025 



TOTAL TRACER 



= AMT 
= .125 



AMT 

? L 



= .25 L 



LUNG 



UHAT IS THIS SUBJECT'S 
AT END^ EXP I RAT I ON <L>? 



LUNG UOLUME 



FIGURE 7. Final pictorial screen from lung volume indicator dilution experiment. Piovious 
screens show the initial conditions with all of the indicator in the rebrealliing bag and an animated 
sequence depicting rebrcalhing to mix the indicator with lung gas. 



presented to the student, and he must 
calculate the correct value. The purpose 
of each experiment, the experimental 
situation, the student supplied variables 
lliat define the experiment, and the pa- 
rameter value to be calculated for the 
experiments in this section of the pro- 
gram are presented in Table 1 . The exer- 
cises illustrate applications of mass bal- 



TOTAL BODV UATER 



ICF 


ECF 









BODV 
70 



WT = 
KG 



INDICATOR = 

50 MG 
EVANS BLUE 



'*fSiV8yftfe'm8?flATIOH OF EUANS BLUE 
IS 17 NG/L 

UHAT IS THE PLASHA UOLUME (L>? B 

FIGURE 6. Screen depicting the Body Ruid Volumes experiment. In tliis case, the student 
chose to measure plasma volume in a 70 Kg subject using 50 mg of Evans Blue dye. A previous 
screen showed the -lye being injected into and disUribu?ing within the plasma volume. The sojdcnt 
must now calculate the plasma volume for this subject If the student had chosen to measure 
extracellular fluid or total body water volume, the pictorial would have shown the indicator 
di.'itributing within ihe appropriate volume following injection into the plasma volume. 



ancc in cardiovascular, rcnu. *d respi- 
ratory physiology. Ir>each case, the pic- 
torial representation of the experiment 
includes an animation to illustrate sche- 
matically the movement of mass within 
the system. These representations are 
designed lo appear very different from 
each other (Figure 8) to further empha- 
size the point that even though the view- 
point may be different, the underlying 
principle is the same. Tutorial help fol- 
lows any incorrect answers supplied by 
the student (Figure 9). 

ERROR MESSAGES 
Although tutorial help is provided when 
students respond with an incorrect value 
for Ihe requested parameter foilowing 
each experiment, error messages must 
also be provided hen the student enters 
inconsistent or unphysiological values 
while defining the conditions of the ex- 
penmenr. These error messages are also 
designed to provide information related 
to the feasibility of ntnning a successful 
experiment under the conditions de- 
scribed. For example, if the quantitiy of 
indicator chosen results in concenu*a- 
tions that are too lew for measurement 
with common laboratory equipment, an 
error message Is presented alerting the 
student to the problem. 
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TABLE h Overview of mass balance experiments. 



Exp't Purpose 



To examine mass mix- 
ing from two flow 
sources 



Situation 



Patient with lung disease in 
which part of the total flow 
(cardiac output) bypasses the 
gas exchange areas of the lung 
(shunt). 



Assumptions 



Hemoglobin concen- 
tration = 15 gm/100 ml 
blood; Oxygen con- 
sumption = 3(X) ml/min 



Student 
inputs 



Value to 
calculate 



Patient's body Arterial 

weight; Per cent oxygen 

of flow that is content 
shunt 



5 To determine the cardiac The \ Sect's oxygen con- 
output (total blood flow) sumpii . has been deter- 
in a normal 30 year old mined by applying mass bal- 
individual ance principles to gas ex- 

change in ihe lung. Mixed 
venous (pulmonarj' aitery) 
biood has been sampled, and 
its oxygen content (ml O^/ml 
blood) has been determined. 



Hemoglobin concen- Patient's body Blood flow 
tration = 15 gm/100 ml weight 
blood; Arterial O^ con- 
tent = 0.20 ml 0/ml 
blood 



To apply the principle r^l 
conservation of mass 
with selective indicators 
to the kidney to measure 
effective renal plasma 
How and glomerular fil- 
tration rate in a 30 year 
old subject. 



^I'le appropriate indicator is 
admijusicrcd to a subject with 
iimcUoning kidneys. Ablood 
sample is obtained to deter- 
mine the concentration of in- 
dicator in the plasma, and 
urine is collected over a pe- 
riod of time to determine how 
much indicator has been 
"cleai^ed" by the kidney. 



1) Any PAH entering 
the kidney is com- 
pletely excreted in the 
urine. 

2) Inulin is neither se- 
creted nor reabsorbed 
by the kidney. Hence, 
any inulin reaching the 
nephron is removed 
from the plasma by fil- 
tration. 



Subject's body 
weight; Indica- 
tor to use PAH 
or Inulin); 
Quantiliy (mg) 
of indicator to 
administer 



Effective 
renal plasma 
flow (PAH); 
Glomerular 
filtration 
rate (Inulin) 



To ii!asu-aie mass bal- 
ance applications in res- 
piratory physiology 



You are in a laboratory 
equipped with a ir admill, a 
weather balloon, a one-way 
breathing valve, a stopwatch, 
and an oxygen anal vzer. Your 
task is to deiermintd subject's 
oxygen consumption during 
steady state, moderate cxer- 
cLse. While breathing room 
air through the one-way 
breathing valve, the subject 
runs on the treadmill. After a 
steady . tate is reached, ex- 
pired gas is collected and 
analyzed. 



Treadmill speed 
(Km/hr); Col- 
lection lime for 
expired gas 



Oxygen con- 
sumption 
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A 



02 QUANT / 
IN 



MIN = FLOM a BLOOD 02 CONTENT 

OUT 



_39 ML/MI N 
X .2 ML 02/riL 

1820 ML 02/MlN 



Ige^St/MIN 

X .141ML 02/ML 




arterial: 

1147 



J/MIN 



127 ML 02/MIN 

What ARTERi ;iL . 02 , SPNIgNI, «*g?iiX^?o*'Si® " 
these flows Hix (ML OZ/HL BL00D>? ■ 



02 UPTAKE = 02 IN/MIN - 02 OUT/MIN 
ML C2/MIN = BLgODJLOM jj CONTggT^^^ 



CONTENT 
. 20 . -> 
FLOU 

1>9 



I i 



A RTERV 



CONTENT 



TISSUES 



VEIN 



02 UPTAKE - 229 ML 92/MIN 
Mhk t ~ i s ~ t he~B£00D~FLOM~ < ML/M I N ) ? ■ 



PLASMA 

?''8l/min 

CONC =_ .. 



INDICATOR = PAH 



A RTERV 


KIDNEV 


UEIN 






1 















Uhat is the EFFECT IV 
PLASMA FLOM < ML/MI N) 



URINE 
UOL/MIN = .71 ML 

CONC = 16^11 MG/ML 

RENAL 



ROOM 
AIR 



BLOOD. 
FLOM " 



."Zl 

„._J 



SUBJECT' S LUNGS 



BAG 



TO 
— > 
fiODV 



D ATA FROM EXPERIMENT 

INSPIRED GAS is 21 V: oxsiHen 

EXPIRED gas: 

UOLUME collectea in 1 MINUTES 
36792 nl 

PER CENT OXVCEN in balloon 
17,1 



HOU MANV MLS OF OXYGEN DOES THE_ 
SUBJECT CONSUME IN ONE MINUTE? B 



FIGURE8. Rcprcscnlalivc output screens from the four mass balance cxpcrimcm^ Experiment 4, Mixing flows. 

Panel B Experiment 5. Blood-tissue gas exchange. Panel C: Experiment 6. Mass balance iii the kidney. Panel D: Experiment 7, Pulmonaiy 
gas exchange. The screens are designed lo appear very different from each other lo emphasize tlie point tiiai even though die viewpoint may be 
different, ilie underlying principle is the same. 



CALCULATOR r UNCTION 
Most of llic problems in this program 
require the student lo carry out at !?iist 
one calculation. To (acilitatc this, a 
simple calculator is incorporated into the 
the program. It can be accessed by or^ 
keystroke at any time that the program is 
seeking input. The student can use the 
calculator mode to do simple addition, 
subtraction, multiplication, and division 



problems and then return to the question 
from which tlie calculator was called. 

CONCLUSION 

The conservation of mass prog im repre- 
sents one component of a series of exer- 
cises designed lo redirect the way in 
which students approach biological in- 
formation. The underlying premise of 
this and its companion programs is thai if 



students arc aware that our understand- 
ing of biological phenomena is based on 
a set of common principles or common 
tJiemcs, they will change their approach 
io"ncw** information. Instead of viewing 
lliis information as a new database, unre- 
lated to i5\cir current database, they will 
view Uiencw infonuation as anextension 
of their current database. Tlie goal of the 
software is not to teach specific applica- 
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02 QUANT 
IN 

lung: — , 

51 ea ML/MI N 
.2 ML 02/ML 



1020 KL 02/HIN 



leK'^HL/MIN 
X_ . 141ML 02/ML 

127 ML 02/MIN 



/ MXN = FLOU X BLOOD 02 CONTENT 

OUT 




arterial: 

1147 
ML 02/MIN 



02 QUANT / MIN 
IN 

lung: — 



1820 ML 02/MIN 



shunt; 

990 ML/MIN 

X .i4iML 02/ML 

127 ML 02/MIN 



FLOU y BLOOD 02 CONTENT 
OUT 



arterial: 




1147 
ML 02/MIN 



Uhat ARTERIAL 02 CONTENT results when 
wnese flows nix (ML 02/ML BLOOD) - .C 



NO. •.How Many nls of klood flow out 
the arterial side in a Hinute? 6000 



02 QUANT /MIN 
IN 



lung: 

S10B Ml 
X .2 ML 02/ML 



IL/MIN 



1020 ML 02^MIN 



SHUNT: 

900 ML/MIN 

X .141 ML 02/ML 

127 ML 02/MIN 



FLOU X BLOOD 02 CONTENT 
OUT 



ARTERIAL: 




1147 
ML 02/MIN 



the 

arterial end per min, and it takes 
6000 Mis of blood to achieve this. 
How Many m1$ of 02 Must each nl of 
blood contain? .2 



Now. . • if 1147 Mis 02 flows out 
>ial end pei 

blood 



02 QUANT 
IN 

lung: — 

5100 ML/MIN 
X .2 ML 02/ML 



/ MIN FLOU X BLOOD 02 CONTENT 

OUT 



1020 ML 02/MIN 



shunt: 

900 ML/MIN 

X .141ML 02/ML 

127 ML 02/MIN 




arterial: 

1147 
ML 02/MIN 



No. ..Each Ml of Llood will contain 
1147/6000 or .191 mIs 02 



CPRESS ANV KEV TO CONTINUE) 



FIGURE 9. Representative exvunple of lulorial aid c**'crc(i in response to an incorrect answer. This series is from Experiment 4 - Mixing Flows. 
Panel A: The student enters a value of .2 ml OJm] blood for the calculated arterial oxygen content. Panel B: In response to the wrong valuc» the 
program begins to lead the student through the calculation. Panel C: The tutorial process continues, and the student is again asked to calculate 
llie aiterial oxygen content. The entered response (.2) is again in error. Panel D: The correct answer is calculated and displayed for the student. 



tions of llic principle, but rather to 
heighten awareness of the range of appli- 
cations of the principle. The target stu- 
dent population could be high srliool, 
undergraduate, or graduate level biology 
students. However, the choice of ex- 
amples is oriented toward students study- 
ing mammalian physiology. The under- 
lying premise remains to be tested, how- 



ever, and will be the focus of a future 
study that will be conducted when ilie 
software series is completed. 



PRO(]RAM AVAILABIMTY 

Additional topic areas that will be included in 

the Common Themes in Physiology series 



include osmotic pressure relationships, pres- 
sure-volume relationships, pressure-flow re- 
lationship, and fe^^dback mechanisms. The 
conservation of mass and osmotic pressure 
relationships programs are currently avail- 
able for MS-DOS systems from the National 
Resource for Computers in Life Science Edu- 
cation. A Macintosh version will be devel - 
oped in the future. For further infomialion, 
contact NRCLSE. 
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AIMS AND SCOPE ThegosilofCompiaersinLifeScienceFMuciUionisUyprov^^ 

life science educators who anticipate or arc cunenily employing the computer as an educational 
tool The range of content includes, but is not limited to, articles focusing on computer appli- 
cations and their underlying philosophy, reports on faculty/studcm experiences with computers 
in teach' y, environments, and softwareAiardware reviews in both basic science and clinical 
education settings. 



INVITATION TO CONTRIBUTORS Articles consistent with the goals of Computers in Life Science Educationaxc invited for possible 

l^blication in the newsletter. 

PREPARATION AND SUBMISSION MATERIAL 

Articles submitted for publication should be typewritten, double spaced, with wide margins. The 
original and two copies including two sets of figures and tables should be sent to the Editor. 
Dr. Harold Modell, NRCLSE, P.O. Box 51187, Seattle, WA 98115-1187. 

Title page should include full title, list of authors, academic or professional affiliations, and 
complete address and phone number of the corresponding author. 

Illustrations should be submitted as original drawings in India ink or sharp, unmounted 
j^iolographs on glossy paper (Laser printer output is accepiaole). The lettering should be such 
that it can be legible after reduction (width of one column = 5.7 cm). 

Reference style and fonn should follow ihe "number system with references alphabetized" 
described in the Council of Biology Editors Style Manual. References should be listed in 
alphabetical order by the first authors last name, numbered consecutively, and cited in the text 
by these numbers. 

RESPONSIBILITY AND COPVRICirT 

Authors are responsible foraccuracy of statements and opinions expressed in articles. All authors 
submitting manuscripts will be sent a copyright transfer form to complete. The completed form 
must be retumc'd before ilie work will be published. 
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$20.00 for postage (airmail) in Europe and South America and $23,00 for the rest of uie world. 

Tins newsletter has been registered with the Copyright Clearance Center. Inc. Consent is given 
for copying of articles for personal or internal use. or for the personal or internal use of specific 
clients. This consent is given on the condition that the copier pay tlarough the Center the per-copy 
fee slated in thecode on tlie firstpage for copying beyond thatpermiUcd by the US Copyright Law. 
If no code appears on an article, the author has not given broad consent to copy and permission 
to copy must be obtained directly from tlie author. Tliis consent does not extend to other kinds 
of copying, such as for general distribution, resale, advertising and promotional purposes, or for 
creating new collective works. 

Address otders. changes of address, and claims for missing issues to NRCLSE, P.O. Box 51 187. 
Seattle. WA 981 15-1 187. Claims for missing issues can be honored only up to three months for 
domestic addresses and six months for foreign addresses. Duplicate copies will not be sent to 
replace ones undelivered due to failure to notify NRCLSE of change of address. 
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KEEPING ABREAST OF THE 
LITERATURE 



The following citations are presented as 
part of a quaiverly feature in CLSE de- 
signed 10 help readers become aware of 
current literature pertinent lo computer 
applications in life science educaticm. 



Beck, JR et al: Medical infonnatics for 
the other ninety percent: The Dart- 
mouth experience. Academic 
Medicine 65:298-301, 1990. 

Benest, ID: Computer-assisted learning 
using dynamic electix)nic books. 
Computers and Education 15:195- 
203, 1990. 

Bergeron, BP: Program inslrumentaticHi: 
A technique for evaluating educa- 
tional software. Collegiate Micro- 
computer \lll(l)MA6, 1990. 



Bergeron, BP et al: Using a gaming 
approach to maximize student partici- 
pation in computer-based education. 
Collegiate Microcomputer VIII(4): 
293-300, 1990. 

Bork, A and Pomicter, N: Practical tech- 
niques uscfu' in authoring technol- 
ogy-based leaj ning material. Journal 
of Computer-Based Instruction 
17:53-60, 1990. 

Collins, MAJ and fiarle, P: A compari- 
son of the effects of computer-admini- 
stered testing, ccmiputer-bascd learn- 
ing and lecture approaches on learn- 
ing in an introductory biology course. 
Journal of Computers in Mathematics 
and Science Teacfiing 9:77-84, 1989- 
90. 

Cross, SSetal: Computer-assisted leam- 
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ing in morbid anatomy: A simulation 
of autopsy procedures and death 
certification. Medicine, Science and 
rtel^w 30(2): 115-1 18, 1990. 
Elsom-Cook, MT mid O'MaUey. CE: 
ECAL: Bridging the gap between 
C AL and intelligent tutoring systems. 
Computers and Education 15:69-81, 
1990. 

Farabaugh, N: Maintaining student in- 
terest in CAL Computers in Nursing 
8(6):249-253, 1990. 

Fisher, KM et al: Computer-based con- 
cept mapping. Journal of College 
Science Teaching 19:347-352,1990. 

Frachel, RR: Computer ^plications for 
community health nursing educators. 
Computers in Nursing 8(6):243-248, 
1990. 

Friedler, Y and Shabo, A: Developing a 
high level data base to teach reproduc- 
tive endocrinology using the Hyper- 
Card program. Journal of Computers 
in Mathematics and Science Teacfung 
9:55-66, 1989-90. 

Gagne, RM and Merrill, MD: Integrative 
goals for instructional design. Educa- 
tional Technology, Research and 
Development 38:23-30, 1990. 

Gardner, N and Darby, J: Using comput- 
ers in university teaching: A perspec- 
tive on key issues. Computers and 
Education 15:27-32, 1990. 

Gundy, GC: HyperCard-based teaching: 
Preliminary experiences and research 
in anatomy and physiology courses. 
Collegiate Microcomputer Vni(4): 
287-292, 1990. 

Habowsky, JEJ etal: The database as a 
learning tool. Journal of College 
Science Teaching 19:363-366, 384, 
1990. 

Heller, RS: The role of hyp^ media in 
education: A look at th-^ research 
issues. Journal ofResean h on Com- 
puting in Education 'i2:431-441, 
1990. 

Hooper, R: Computers and sacred cows. 
Journal of Computer Assisted 
Uarning 6:2-13, 1990. 



Isaacs. G: Course and tutorial CAL les- 
son design: Helping suidenLs take 
control of their learning. Educational 
and Training Technology 
International 21:%S-9\A990. 

Jones, M and Wipond, K: Curriculum 
and knowledge representation in a 
knowledge-based system for curricu- 
lum development. Educational 
Technology 30:7-14,1990. 

Jones, RA et al: Annual hypermedia 
update. Academic Computing 
4(4):20-26, 30-32, 3444, 1990. 

Kinze, MB: Requirements and benefits 
of effective inier^tive instruction: 
Learner control, self-regulation, and 
continuing motivation. Educational 
Technology, Research and 
Development 38:5-21. 1990. 

Koohang, AA: A study of attitu(tes to- 
ward computers: Anxiety, confi- 
dence, liking and perception of 
usefulness. Journal of Research on 
Computing in Education 22: 137- 1 50, 
1989. 

Lambert, WJ: BUFCALC: A program 
for the calculation of buffers of speci- 
fied pH, ionic strength, and buffer 
capacity. Journal of Chemical Edu- 
cation 67:150-153,1990. 

Leonard, WH: Computer-based technol- 
ogy for college science laboratory 
courses. Journal of College Science 
Teaching 19:210-211. 1990. 

Litchfield, BC: Criteria for evaluating 
videodisc interactivity. Performance 
and Instruction 29:23-26, 1990. 

Litchfield, BC et al: Presentation se- 
quence and example difficulty: Their 
effect on concept and rule learning in 
computer-based instruction. Journal 
of Computer-Based Instruction 
17:35-40, 1990. 

Mezei, J et al: Computer-assisted in- 
struction: How to solve drug formula- 
tion problems. American Journal of 
Pharmaceutical Education 54:30-34, 
1990. 

Newman, F: Technology on cainpus: An 
uneven msniage. CAUSE/EFFECT 



13:9-14,1990. 

O'Malley, CE and Scanlon, E: Com- 
puter-suppCNTted collaborative learn- 
ing: Problem solving and distance 
education. Computers and Education 
15:127-36, 1990. 

R^ndran,Ketal: Computer graphics in 
the teaching and learning of anatomy. 
Journal of Audiovisual Media in 
Medicine 13(2):49-52, 1990. 

Rieber, LR: Animation in computer- 
based instruction. Educational Tech- 
nology, Research and Development 
38:77-86, 1990. 

RodeMandPoirot,J: AuthcMing systems 
- are they used? Journal of Research 
on Computing in Education 22: 191- 
198, 1989. 

Romiszowski, AJ: Computer mediated 
communication and hypertext: The 
insuiictional use of two converging 
technologies. Interactive Learning 
International 6(\):5-29, 1990. 

Ross, SM et al: Uses and effects of 
learner control of context and instruc- 
tional support in computer-based 
instruction. EducationalTechnology, 
Research andDevelopment 37:29-39, 
1989. 

Salisbury, DF: Cognitive psychology 
and its implications for designing drill 
and practice programs for computers. 
Journal of Computer-Based 
Instruction 17:23-30, 1990. 

Schaefermeyer, S: Standards for instnjc- 
tional computing software design and 
development. Educational Tech- 
nology 30:9-15, 1990. 

Scidman, RH: Knowledge intensive 
programming: A new educational 
computing environment. Journal of 
Educational Technology Systepns 
18:207-214, 1989-90. 

Snyder. HD: Computer instrumentation 
and the new tools of science. Journal 
of College Science Teaching 19:171- 
175, 191. 1989-90. 

Spencer, KA: HyperCard: Teaching 
technology for successful learning. 
Journal of Audiovisual Media in 



ERLC 



©1990 BY NATIONAL RESOURCE FOR COMPUTERS IN LIFE SCIENCE EDUCATION 



0742-3233/9OySO.O0 + 2.(vi 



COMPUTERS IN LIFE SCIENCE EDUCATION, VOLUME 7, NUMBER 12, DECEMBER 1990 



Medicine 13(l):25-30, 1990. 
Staman,EM: An action plan for infusing 
technology into the teaching/learning 
process. CAUSE/EFFECT 13:34^0, 
1990. 

Summers, S u al: Creative use of micro- 
computer software by graduate nurs- 
ing students. Computers in Nursing 
8(5): 198-200, 1990. 

Tripp, SD: Rapid prototyping: An alter- 



native instructional design strategy. 
Educational Technology, Research 
and Development 38:31-44, 1990. 

WaLson, DM: The classroom vs the 
computer room. Computers and 
Educalior 15:33-37, 1990. 

Wells, GL: Instructional use of compui- 
ej^ in the junior college. New Direc- 
tions for Community Colleges 18:57- 
69, 1990. 



Williams, RD and Benedict, S: RN c<1u- 
cation flexibility utilizing laptop 
computers. Computers in Nursing 
8(5):201-203, 1990. 

Wu, YK et al: Computer use, computer 
attitudes, and gender: Differential 
implications of micro and mainframe 
usage among college students. Jour- 
nal of Research on Conipiuing in 
Education 22:214-228,1989. 



THE BULLETIN BOARD 



The Bulletin Board is published periodi- 
cally to inform readers of upcoming 
meetings of interest. If you know of 
meetings, symposia, continuing educa- 
tion courses, etc, of interest to life science 
educators, and they do not appear in The 
Bulletin Board, please let us know. Send 
pertinent infomiation to: 

Dr. Harold Modell 

NRCLSE 

P.O. Box 51 187 

Seattle, WA 981 15-1187 
or let us know via BITnet. NRCLSE's 
BlTnet address is: 

MODELUaUWALOCKE 

JANUARY 7-9, 1991. Introduction to 
Interactive Video workshop, 
Bloomsburg, PA 

Contact: 

Dr. Harold Bailey 

Institute for Interactive Technologies 
1210 McCormick Center 
Bloomsburg University 
Bloomsburg. PA 17815 
(717)389^506 

JANUARY 18-20, 199L AssociaUonof 
Biologists in Computing, Los Ange- 
les, CA 

Contact 



Bob Desharnais 

Biclogy Department 

Caafornia State University, Los Angeles 

5151 State University Drive 

LosAngelesXA 90032-8201 

(213) 343-2056 

JANUARY 22-24, 1991. Sixth Interna- 
tional Conference on Multimedia and 
CD-ROM, San Francisco, CA 

Contact: 

Mark LoGiurato 
Conference/Marketing Manager 
Cahners Exposition Group 
Cahners Plaza 
999 Summer St. 
P.O. Box 3833 
StamfordXT 06905 
(203)352^224 

FEBRUARY 5-8, 1991. 11*^ Annual 
Florida Educational Technology 
Conference. Tampa, FL 

Contact: 

Barbara Ann Cox 
Conference Coordinator 
Suite B 1-54 

Florida Education Center 
325 West Gaines Street 
Tallahassee, FL 32399 



1)2 



(904)488-0980 

FEBRUARY 20-22, 1991. Fifth Annual 
Conference - L-eaming Technology in 
the Health Care Sciences and Eighth 
Annual Conference - Interactive In- 
struction Delivery. OrltoUo,FL 

Contact: 

Program Coordinator 

Societyfor Applied Learning Technology 

50 Culpepcr Street 

Warrenton. VA 22186 

FEBRUARY 24-28, 1991. Seventh 
IEEE Conference on Artificial Intelli- 
gence Applications, Miami Beach, FL 

Contact: 

CAJA'91 

The Computer Society of the IEEE 
1 730 Massachusetts Ave, NW 
Washington. DC 20036-1903 
(202)371-1013 

MARCH 4-8, 199L Basic SkUls Vide- 
odisc Design/Production Workshop, 
Lincoln, NE 

Contact: 

Nebraska Videodisc Group 
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1800 North SS'^Street 
Lincoln, NE 68583 
(402)472-3611 

APRIL 22-25, 1991. Communicating 
Disney Style Seminar. Lake Buena 
Vista, FL 

Contact: 

Walt Disney World Co. 
Seminar Productions 
P.O. Box 10,000 

Lake Buena Vista. FL 32830-1000 
(407) 363-6620 

APRIL 6, 19!»L ITic Social Creation of 
Knowledge: Multimedia and Infor- 
mation Technologies in the Univer- 
sity. Cambridge. MA 

Contact: 

Edward Barrett 
Conference Director 
Massachusetts Institute of Technology 
160 Memorial Drive 14N-336 
Cambridge. MA 02139 

APRIL 19-20, 1991. Intellectual Prop- 
erty and Authorship. Cleveland. OH 

Contact: 

Professor Martha Woodmansee 

Department of English 

Case Western Reserve University 



Cleveland. OH Hm 
OR 

Professor Peter A. Jaszi 
Washington College of Law 
American University 
Washington, DC 20016 

MAY 6-9, 1991. Nebraska Interactive 
Media Symposium, Lincoln. NE 

Contact 

Nebraska Videodisc Group 
1800 North 33^Street 
Lincoln. NE 68583 
(402)472-3611 

MAY 13-15,1991. Introduction to Inter- 
active Video Workshop. 
Bloomsburg. PA 

Cont£^t: 

Dr. Harold Bailey 

Institute for Interactive Technologies 
1210 McCormick Center 
Bloomsburg University 
Bloomsburg. PA 17815 
(717)389-4506 

JUNE 18-20, 1991. National Education 
Computing Conference. Phoenix. AZ 

Contact: 
NECC 

(602)965-7363 



AUGUST 21-23, 1991. 13* Annual 
Conference on Intemctive Videodisc 
in Education and Training and 7* An- 
nual Conference on CD-ROM Appli- 
catoins in Education and Training. 
Arlington. VA 

Contact: 

Society for AppliedLearningTechnology 
50 Culpeper Street 
Warrenton. VA 22186 
(703) 347-0055 

OCTOBER 16-19, 1991. EDUCOM 
•91. San Diego. CA 

Contact: 

EDUCOM '91 Program Committee 
San Diego Supercomputer Center 
University of California at San Diego 
UJolla.CA 92093-0505 

NOVEMBER 10-14, 199L 33'^ Inter- 
national ADCIS Conference: Con- 
nections and collaborations - Tech- 
nology and people for the 90's. Sl 
Louis. MO 

Contact: 

ADCIS International Headquarters 
229Ramseyer Hall 
29 West Woodruff Avenue 
Columbus. OH 43210-1177 
(614) 292-4324 



NRCLSE RELEASES NEW SOFTWARE 

NRCLSE announces the avaUability of the first two programs in our new series enUlled "Common Themes in Physiology." 
The firet program is a tutorial dealing with osmosis and osmotic pressure relationships (see CLSE, August, 1990). The second 
program is a problem set focused on applications of the principle of con-iervaUon of mass (see CLSE, November, 1 990). Current 
versions of the programs are available only for IBM compatible equipment. Macintosh versions of the programs will b^ 
available late in 1991. Thecostofcach program is $30.00 (US). Permission to copy the programs is included in the purchase 
price. 
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SUMMARY OF LIQIHD CRYSTAL DISPLAY 
PROJECTION PAD VENDORS 



Liquid crystal display (LCD) projection 
pads have improved considerably since 
their introduction several years ago. In 
19S7, Stull and Knoll surveyed this mar- 
ket and listed 5 distributers of LCD 
projection panels (see CLSE 4:76-77, 
1987). The number of distributors has 
since more than doubled. Resolution has 
improved; units are available for a 
broader range of graphic output modes 
(CGA, EGA, VGA, Macintosh); and 
many units now offer "color" display. 
I.^st year CLSE presented our first list of 
LCD projection pad vendors to help 
CLSE readers identify sources of LCD 
projection pads that will meet their pro- 
jection requirements. The following is an 
updated vision of Uiat list. If you are 
aware of other vendors that we have 
failed to list, please let us know about 
them. Send appropriate information to: 

Dr. Harold Modell 

NRCLSE 

P.O. Box 51 187 

SealUe, WA 98115-1187 
or let us know via BITnet. NRCLSE's 
BITnet address isr 

MODELL® UW ALOCKE 



Apollo Audio- Visual 
60 Trade Zone Court 
Ronkonkoma, NY 11779 
(516)467-8033 

ASK LCD Inc. 



S Dunwoody Park, Suite 1 16 
Aaanta,GA 30338 
(800) 255-1379 

Computer Accessories 
6610 Nuicy Ridge Dr. 
San Diego, CA 92121 
(619)457-5500 

Comtrex Accessories 
P.O. Box 1450 
ElToro, CA 92630 
(714) 855-6600 

Dukane Corporation 

Audio Visual Divii. :on 
2900 Dukane Dr. 
Sl Charles, IL 60174 
(800) 356-6540 
(800) 634-2800 
(708) 584-2300 GUinois) 

Eastman Kodak 
343 State St. 
Rochester, NY 14650 
(800) 242-2424 

Eiki International 

27882 Camino Capistrano 
P.O. Box 30000 

Lagima Niguel, CA 92677-8000 
(714)582-2511 

In Focus Systems, Inc. 
7649 S.W. Mohawk At 
Tualatin, OR 97062 
(503^ 692-4968 



(800) 327-7231 
MECC Etc. 

3490 Lexington Avenue North 

St. Paul, MN 55126 

(800) 228-3504 ext 693 

(612)481"3500ext 693 

(800) 782-0032 ext 693 (Minnesota) 

nView Corp. 

1 1835 Canon Blvd., Suite B-lO" 
Newport News, VA 23606 
(804) 873-1354 

Sharp Electronics Corp. 
Sharp Plaza 
P.O. Box 650 
Mahwah,NJ 07430 
(201)529-8731 

Telex Communications 
9600 Aldrich Ave. So. 
Minneapolis, MN 55420 
(612) 887-5531 
(612) 884-4051 
(800) 828-6107 

Toshiba America 
1 101 A Lake Cook Rd. 
Decrneld,IL 60015 
(708)945-1500 

Visualon, Inc 
3044 Payne Ave. 
Cleveland, OH 441 14 
(800) 321-3860 
(BOO) 362-3108 (Ohio) 



SHARE YOUR EXPERIENCE 

NRCLSE wants to know sAxyuiyour experiences with LCD projection pads. What brands and models have you used? How 
were they used? How well did they meet your needs? How have they changed you approach to teaching? 
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fee s talcd in the code on the first page for copying beyond thatpermitt«iby the US Copyright Law. 
If no code appears on an article, the author has not given broad consent to copy and pcmiission 
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